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SUMMARY

This report lllustrates the results of application to
turbulence velocity records of several new methods for
characterizing atmospheric turbulence that are described in
Ref. 1. The methods illustrated include maximum likelihood
estimation of the integral scale and intensity of records

Ahaoawvrdrno +ha wram Warman frnanayvranaas now -
opeying Tne vVOon Aarman transverse power spectral form, con-

strained least-squares estimation of the parameters of a
parametric representation of autocorrelation functions,
estimation of the power spectral density of the instantaneous
variance of a record with temporally fluctuating wvariance,
and estimation of the probabillty denslity functions of
various turbulence components. The report also contains
descriptions of the computer programs used in the computa-
tions, and a full listing of these programs. The computa-
tlonal methods illustrated herein were developed by the
first named author. The computer programs and thelr explan-
atlon contalned 1n the Appendices were written and exercised
by the second named author.



TURBULENCE MODEL

In the work described in this report, we shall assume
that the turbulence velocity records under consideration can be
modeled as

w(t) = w (t) + wo(t)
= ws(t) + cf(t)z(t), (1.1)

where

wf(t) = of(t)z(t) (1.2)
with

o.(t) >0
and

E{z(t)} = 0, E{z2(t)} = 1. (1.3)

The three processes {wg(t)}, {op(t)}, and {z(t)} are assumed
to be stationary and mutually statistically independent.
Furthermore, we shall assume that {z(t)} is a Gaussian pro-
cess. The "slow" turbulence component w_(t) is assumed to
contain predominately very low frequenciés (or large wave-
numbers) relative to the "fast" component we(t) which may

be regarded as ordinary turbulence with a slowly varying
standard deviation ope(t). This model is more completely
described in Section 1 of the companion report [1] or Section
2 of its predecessor [5].



MAXIMUM LIKELIHOOD ESTIMATION OF THE INTEGRAL SCALE AND
INTENSITY OF THE VERTICAL RECORD FROM FLIGHT 8 RUN 2
(CONVECTIVE CONDITIONS)

The vertical record shown in Fig. 1 illustrates a tur-
bulence velocity history with negligible low-frequency com-—
ponent ws(t). The power spectral density of the vertical
record in Pig. 1 1s shown in Fig. 2. The method used to
compute the power spectral density of Fig. 2 is described i1in
Appendix B of Ref. 2, where the value used for M was 6590.5 m
which corresponds to 1024 temporal sample points. Before
computing the power spectral density of the record, its mean
value was computed and removed.

Also shown in Fig. 2 is the von Karman transverse power
spectral denslty

_ .2 1+188.75L2%k?
@KT(k) = g2 (2.1)

11/
[1+70.78L2%k2] /¢

The values of L and 0% in Eq. (2.1) — as plotted in Fig. 2 —
are

L = 309.4 m, o2 = 1.326 (m/sec)?. (2.2)

These values were computed using the maximum likelihood method
derived in Sec. 3 of Ref. 1. The specific equation used to
compute the value of L in Eq. (2.2) was Eq. (3.26) of Ref. 1
with the aid of Egs. (3.34) and (3.35) of Ref. 1. Details

of this computation are described in Appendix F of Ref. 1.
Using the value of L obtained by Eq. (3.26) of Ref. 1,

E%. (3.25) of Ref. 1 was then used to compute the values of

0% given in Eq. (2.2) above.

The von Karman transverse spectrum shown in Fig. 2 pro-
vides an excellent fit to the spectrum computed from the
turbulence record. In particular, note that asymptotic
(high wavenumber) slopes of the empirical and von Karman
sgectra agree very well. We also have computed the value of
c? directly — by squaring and averaging the time history
sample points. The value of 0?2 obtained in this manner was

o2 = 1.331 (m/sec)?. (2.3)
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The maximum likelihood method used to compute the value of
o? given by Eqg. (2.2) is not the same as the squaring and
averaging procedure used to compute the value of Eq. (2.3).
However, quite remarkably, the two values agree to the first
three significant figures. Since the assumption of a von
Karman transverse spectrum was used in the computation of o
given by Egq. (2.2), the close agreement of the values of o2
given by Egs. (2.2) and (2.3) provides verification of the
excellent representation of the empirical spectrum that is
provided by the von Karman transverse spectrum of Eq. (2.1).

The autocorrelation function of the vertical record shown
in Fig. 1 is compared in Fig. 3 with the von KXarman transverse
autocorrelation function:

6. (8) & o2 27> (8e/L) *[K. (BE/L)
KT =0 r(1/3) 2 v, &
BE
- 5¢ K (8B&/D)], (2.4)
73
where
A 2v/7 T(11/6)

where the K,(+) in Eq. (2.4) are modified Bessel functions of
the second klnd of order n and I'(+) is the gamma function.
Values of the Bessel functions in Eq. (2.4) were obtained
from the tabulation of p. 228 of Ref. 4, where we note that
K ) (x) = K2 (x). The empirical autocorrelation function in
“ s 73
Fig. 3 was computed from the vertical record of Fig. 1 by the
method described in Appendix B of Ref. 2. Both autocorrela-
tion functions shown in Fig. 3 are normalized to unity at the
origin. The value of integral scale L used in the von Karman
form of Eq. (2.4) is that given by Eq. (2.2).

Al L e ef v



1.0 ] ] T | | | ] ]

0.9 =
0.8 -+ AUTOCORRELATION FUNCTION =
0.7 COMPUTED FROM RECORD

0.6 = VON KARMAN TRANSVERSE —

AUTOCORRELATION FUNCTION
WITH L=309.4m —

.
. -
-0.3 ! l l 1 1 ! | 1 I
"0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

&, m

FIG. 3. COMPARISON OF AUTOCORRELATION FUNCTION COMPUTED FROM VERTICAL
RECORD SHOWN IN FIG. 1 AND von KARMAN TRANSVERSE AUTOCORRELATION

FUNCTION.



CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION
FUNCTION PARAMETERS OF LATERAL RECORD FROM FLIGHT 32 RUN 4
(WIND-SHEAR CONDITIONS)

The lateral record shown in Fig. 4 illustrates a turbu-
lence velocity history with a relatively strong low-frequency
component wg(t). The power spectral density of the lateral
record in Fig. 4 is shown in Fig. 5 (solid dots), which was
computed by the method described in Appendix B of Ref. 2 —
the value of M used in the computation was 9613.3 m which
corresponds to 1024 temporal sample points. Before computing
the power spectral density of the record, its mean value
was computed and removed.

Also plotted in Fig. 5 1is the von Karman transverse spec-
trum of Eq. (2.1) evaluated from the parameters

L = 265.5 m, o2 = 5,315 m?/sec?. (3.1)

These parameter values were arrived at using the constralined
least-squares estimation method described in Sec. 4 of Ref. 1.
This method postulates that within an interval 0 < § < &y, the
autocorrelation function of a record is of the form

bo2p, (e50) + T aEl

¢ (&)
N i=0

» 0 <& < gy, (3.2)

where 0%¢K(E;L) is the appropriate (transverse or longitudinal)
von Karman autocorrelation function, and the mth degree poly-
nomial in Eq. (3.2) represents the autocorrelation function

of the "slow" turbulence component wg(t) within the interval

0 < & < gyg. The least-squares estimation procedure constrains
the relationship between c% and L using the portion of the
wavenumber spectrum of the record (in the "high-frequency"
region) between two wavenumbers ky and k, as described in

Sec. 4 of Ref. 1, where in the present case, we used kg =
1073*m™! and k, = 4 x 107%m~'. Equation (4.4) of Ref. 1 is

the equation of constraint. The resulting relationship
between o% and L for the present example is plotted in Fig. 6.

Figure 7 displays the autocorrelation function of the
lateral record shown in Fig. 4. To determine the general
behavior of the constrained least-squares estimation method
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for the autocorrelation function shown in Flg. 7, the method
was exercised a number of times for the wvalues of EH and m
listed in Table 1.

‘Four autocorrelation function representations ¢(&) given
by Eq. (3.2) for four different sets of values of Eg and m
are plotted on expanded scales in Fig. 8 along with the em-
pirical autocorrelation function R(E) of the lateral record
shown in Fig. 4. The von Karman transverse spectrum of
Eq. (2.1) for one of these cases (& = 5998.1 m and m = 3)
is plotted in Fig. 5 for comparison with the "high-frequency"
portion of the empirical spectrum. The values of L and
0% = o? used in the evaluation of Eq. (2.1) shown in Fig. 5
are those given by Eq. (3.1), which were taken from Table 1.
From Fig. 5, we see that the asymptotic slope of the empirical
spectrum is somewhat steeper than the ~5/3 slope of the von
Karman spectrum. Hence, for this record, one of the basic
assumptions in the constrained least-squares fit method is
not well satisfied. DBecause of this discrepancy in slopes,
none of four curves ¢(&) shown in Fig. 8 fits well the "von
Karman" region of the autocorrelation function near & = 0.
Nevertheless, the knee of the von Karman spectrum shown in
Fig. 5 would appear to have about the right position.

Figure 9 displays the autocorrelation function of the
lateral component of the wind shear record with the von Karman
autocorrelation component 0%¢K(£;L) removed. That is, the
solid curve in Fig. 8 is the autocorrelation function R(Z&)
of the lateral record shown in Fig. U after subtraction of the
von Karman autocorrelation function component

ogp(E) = 0Zo,(E;5L) (3.3)

evaluated from Eq. (2.4) with the values of L and o¢? given by
Eq. (3.1). The dashed curve is the cubic (3rd degree of
polynomial) that best represents the solid curve in an inte-
gral least-squares sense over the lag region from 0 to 10,000
meters. We see from Fig. 9 that a third-degree polynomial
represents very nicely the autocorrelation function of the
slow turbulence component ws(t) over a 10,000 meter lag in-
terval. Such polynomial representations are the characteriza-
tions suggested in Sec. 1 of Ref. 1 for describing the "slow"
turbulence component wg(t) for aircraft response calculations.
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TABLE 1. CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION FUNCTION PARA-

METERS FOR WIND-SHEAR LATERAL RECORD

€l m o} L 6(0) a a

m m?/sec? m ~
1004.5 1 5.518 281.5 52.28 L46.77 -.582x107?
1999.6 1 6.486 361.1 51.68 45.19 -.341x107%
3004.2 1  6.046 324.1 51.76 U45.14 -.390x1072
3004.2 2 5.793 303.6 51.81 46.02 =-.431x10-2
4496.9 2 5.428 274.7 51.96 U46.53 -.517x107?
5998.9 2 5.265 261.8 51.99 L6.73 -.542x107°?
5998.9 3  5.315 265.5 51.98 U46.66 -.533x1072
7998.6 3 L4.459 201.0 52.29 U47.83 -~.723x107?
9998.2 3 4.742 221.8 52.20 U47.46 -.6T74xL0"2
9998.2 4 4.530 206.3 52.28 L7.75 -.721x1072

Exact value of R(0) is 53.66 m?/sec?.

.115x%10~5
.409x10-°8
L468x107"8
L434x1078
.116x10™°
.102x107°

.122%x10-°

.353x1074?

.739%10~1°

L624x1010

.913x10"10

a,=.141x107*
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FIG. 8. COMPARISON OF AUTOCORRELATION FUNCTION COMPUTED FROM LATERAL RECORD SHOWN IN FIG. 4 AND
CONSTRAINED LEAST-SQUARES FIT OF AUTOCORRELATION MODEL OF EQ. (3.2).
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CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION
FUNCTION PARAMETERS OF LATERAL RECORD FROM FLIGHT 30 RUN 8
(MOUNTAIN-WAVE CONDITIONS)

The lateral record shown in Fig. 10 illustrates a record
with an exceptionally strong low-frequency component ws(t)
relative to the "fast" component we(t). Figures 11 to 15
illustrate, respectively, the same quantities for the lateral
record shown in PFig. 10 that Figs. 5 to 9 displayed for the
lateral record in PFig. 4. Similarly, Table 2 displays for
the lateral record in Fig. 10 gquantities comparable to the
quantities displayed in Table 1 for the lateral record in
Fig. 4. Computations of the material in Table 2 and Figs. 11
to 15 were carried out using the same methods as in the case
of Table 1 and Figs. 5 to 9.

The value of M used in computing the empirical spectrum
in Fig. 11 was 10,089 m which corresponds to 1024 temporal
sample points. The von Xarman transverse spectrum plotted in
Fig. 11 was computed using the parameter values

L = 128.9 m, 02 = 0.684 m?/sec? (4.1)

which correspond to the case £y = 2295.6 meters and a 2nd
degree polynomial (m=2) in the autocorrelation function
representation of Eq. (3.2).

In computing the constraint relationship between cf and
L displayed in Fig. 12, the lower and upper wavenumbers used
were k, = 107°m~! and k, = U4 x 10~%m~?t.

Discussion. The four fits to the empirical autocorrela-
tion function shown in Fig. 14(a) illustrates misleading results
that the method described in Sec. 4 of Ref. 1 can yield when it
is not used properly. Although each of the four fits pro-
vided by Eq. (3.2) to the empirical autocorrelation function
appears reasonable to the eye, reference to Table 2 shows
that the largest integral scale obtained for these four cases
is that corresponding to &y = 699.5 meters and m = 1 which
yielded L = 118.6 meters, whereas the next largest value of
L for the four cases is L = 69.9 meters for the case &y =
896.6 meters and m = 2. The discrepancy between these two
values of L is quite large. The problem here is that the
polynomial in the right-band of Eq. (3.2) is actually repre-
senting part of the von Karman portion of the empirical

17
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FIG. 11.

10 | I I
e SMOOTHED WAVENUMBER
SPECTRUM COMPUTED FROM
L RECORD, 0-2=29.2 m2/SEC2
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COMPARISON OF SMOOTHED WAVENUMBER SPECTRUM COMPUTED FROM LATERAL
RECORD SHOWN IN FIG. 10 AND von KARMAN TRANSVERSE SPECTRUM 0OB-
TAINED BY CONSTRAINED LEAST-SQUARES FIT TO THE (EMPIRICAL) AUTO-
CORRELATION FUNCTION. Von KARMAN SPECTRUM CHARACTERIZES "FAST"
TURBULENCE COMPONENT ONLY.
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TABLE 2. CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION

METERS FOR MOUNTAIN-WAVE LATERAL RECORD

FUNCTION PARA-

Ge

2
F:nH & m"-/osfecz [IB @(0) a, a, a, a,
502.5 0 LUy 217.2 28.97 28.03
699.5 1 .651 118.6 29.12 28.47 -.109x1072
699.5 2 46T 57.1 29.35 28.89 -.376x10"?* .340x10"°
896.6 2 95 69.9 29.26 28.76 -.272x10~%? .187x10-%
1103.5 3 .u55 50.8 29.38 28.92 -.439x107* .612x107° ~.305 10~°
1300.5 3 490 67.4 29.30 28.81 =~.331x10"% .373x107° -.159 107°
1704.5 4 7l 60.2 29.37 28.89 -.431x10~2 .670%x10° ~.185 10~
a,=.119 10!
2295.6 2 .684 128.9 29.07 28.39 -.821x10"% .171x10"7
2502.5 3 .653 119.1 29.12 28.47 -.117x10"% .360x107°® -.933x1071°0

Exact value of R(0) is 29.22 m?/sec?



tion th 1e origin £ = ﬂ-
behav1or takes place, the value of Gf in
Eq. (3.2) obtalned by the least integral-squared fit 1s some-
what smaller than it should be; hence, the wvalue obtained for
fhe integral scale L also is too small as can be seen from

Fig. 12. This misleading behavior can largely be avoided by
choosing Eg as large as possible and m as small as possible
consistent with achieving a "reasonable" representation of

the autocorrelation function of the "slow" component wg(t) by
the polynomial in Eq. (3.2).%¥ TFollowing this rule, we would
never expect to have to choose m larger than 3. Mathematically,
this misleading behavior is a consequence of the fact that the
polynomial in the right-hand side of Egq. (3.2) is not ortho-
gonal to the von Karman autocorrelation function which is

the first term in the right-hand side.
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In the present example, this problem is aggravated by
the fact that the asymptotic slope of the empirical spectrum
shown in Fig. 11 is somewhat steeper than the -5/3 asymptotic
slope of the von Karman spectrum also shown in Fig. 11.
(Thus, in this case also, one of the basic assumptions used
in developing the method is not satisfied by the turbulence
data.)

If we follow the above italicized rule, we see from the
empirical autocorrelation function shown in Fig. 14(a) that for
3 1arger than about 750 meters, we cannot reasonably use m = 1
[which is a linear approximation to the autocorrelation func-
tion of the "slow" component wg(t)]; however, if we let m
increase to a value of 2 (quadratlc approximation) then we
can reasonably choose &y to be 2200 meters. Using E% 2295.6
meters and m = 2, we obtained the fit shown in Fig.l1l4(b) which
yielded the values of L and ¢} given by Eq. (4.1).

Upon first inspection of Fig. 11, the value of L =
128.9 m given by Eq. (4.1) appears too small. However,
closer inspection shows several (about 4) weak resonances
between k = 7.5 x 10™"m™! and k = 1.43 x 107 3m™}!, with the
spectrum dropping off fairly abruptly beyond the latter
value until it almost reaches the von Karman curve. Hence,
we should expect several weak oscillatlons in the autocorrela-
tion function with periods equal to the reciprocal values of
the above frequencies — i.e., periods ranging from 0.70 x
10%® = 700 m to 0.13 x 10* = 1300 m. Referring to Fig. 14(b),
we see that our least-squares fit underestimates the empirical
autocorrelation function at the origin, overestimates at

¥Trade-off criteria between choices of EH and m are discussed
in detail in Appendix G of Ref. 1.
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£ = 350 m and again underestimates at & = 700 m, which accord-
ing to the above is one period of the oscillation with the
smallest period. At £ = 750 m we see another peak in the
empirical autocorrelation function, which is the period of

the resonance located in the spectrum slightly to the left

of the resonance at k = 1.43 x 107®m™!. Looking back in the
region of & = 350 to 400 m in Fig. 1U4(b), we see that these two
oscillations have added in phase in that region to produce

a relatively large discrepancy between the empirical auto-
correlation function and our least squares fit. Finally, in
the region of Fig. 14(b) between & = 1200 m and & = 1450 m we
observe all 4 of the above oscillations adding almost in

phase in this region — as expected from the appearance of

the spectrum. Hence, some destructive interference must have
occurred in the region near & = 750 m which further explains
why the discrepancy between the empirical and least-squares
curves 1is less near £ = 750 m than near & = 350 m. Hence,

the main discrepancies between the empirical and least-squares
fit of the autocorrelation function shown in Fig. 14(b) can be
explained by the approximately U4 weak resonances between

k = 7.5 x 107" m™?! and 1.43 x 107*m~! in Fig. 11. If these
resonances were removed from the empirical spectrum shown in
Fig. 11, the knee of the von Karman curve would appear to be
in about the right position. Hence, the values of L and o2
given by Eq. (4.1) — which characterize the von Karman com-
ponent of the turbulence — appear to be about right.

Finally, we note that the presence of spectral peaks or
"resonances" such as those discussed above will tend to bias
the values of L and o? obtained using the maximum likelihood
method developed in Sec. 3 of Ref. 1 since this method assumes
that the turbulence obeys the von Karman spectral form. In
contrast, such spectral peaks produce oscillations in the
autocorrelation function, and the constrained least-squares
estimation procedure developed in Sec. U4 of Ref. 1 tends to
average out — i.e., ignore — these oscillations. The con-
strained least-squares procedure therefore should produce
better estimates of the integral scale and intensity of the
von Karman component of turbulence records in these situations.
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CONSTRAINED LEAST-SQUARES AND MAXIMUM LIKELIHOOD ESTIMATION OF
AUTOCORRELATION FUNCTION PARAMETERS OF VERTICAL RECORD FROM
FLIGHT 30 RUN 8 (MOUNTAIN-WAVE CONDITIONS)

Figures 16 to 20 illustrate, respectively, the same quan-
tities for the vertical record shown in Fig. 10 that Figs. 11
to 15 displayed for the lateral record in Fig. 10. Similarly,
Table 3 displays for the vertical record in Fig. 10 quanti-
ties comparable to the quantities displayed in Table 2 for
the lateral record in Fig. 10. The compulations for the
material in Table 3 and Figs. 16 to 20 were carried out using
the same methods as used in the cases of Tables 1 and 2 and
Figs. 5 to 15.

The value of M used in computing the empirical spectrum
in Fig. 16 was 10,089 m which corresponds to 1024 temporal
sample points.’ This is the same value of M as used in compu-
tation of the spectrum in Fig. 11 for the lateral component.

The von Karman transverse spectrum plotted in Fig. 16
was computed using the parameter values

L = 68.4 m, 02 = 0.470 m?/sec? (5.1)

which correspond to the case &y = 1202 meters and a second
degree polynomial (m=2) in the autocorrelation function re-
presentation of Eq. (3.2).

In computing the constralint relationship between 0% and
I, displayed in Fig. 17, the lower and upper wavenumbers used
were the same values as those used in the previous two
examples — namely, k, = 10-3m~! and k, = 4 x 10~2m~1t.

Discussion. The vertical record displayed in Fig. 10
is much better behaved than either of the previous two records
studied, and this improved behavior is reflected in our
results. The record is better behaved for four reasons:
(1) the asymptotic slope of the empirical spectrum shown in
Fig. 16 agrees very well with the asymptotic slope of -5/3
of the von Karman spectrum; (2) the empirical spectrum in
Fig. 16 has a better developed "knee" than the empirical
spectra shown in Figs. 5 and 11; (3) the fractional energy
in the "resonances" in the spectrum in Fig. 16 is less than
in the previous two cases as may be seen by comparing the
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COMPARISON OF SMOOTHED WAVENUMBER SPECTRUM COMPUTED FROM VERTICAL
RECORD SHOWN IN FIG. 10 AND von KARMAN TRANSVERSE SPECTRUM OB-
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TABLE 3.

295.
798.
798.
995.
995.
1202.
1202.
1399.
1399.
2502.
2502.
2502.
2502.

Ul Ul \n Ut

CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION FUNCTION PARA-
METERS FOR MOUNTAIN-WAVE VERTICAL RECORD

2

" mZ;?;cz ; ${0) i 1 %2 %
0 486 72.7 1.872 1.39

1 462 66,4 1.877 1.42 -,157x10°°

2 423 56.0 1.877 1.45 -.350x10"%  .202x107°

1 446 62,2 1.874 1.43 -.,192x107°

2 74 69.8 1.876 1.40 -.T45x10”% -.101x107°

1 437 59.8 1.874 1.44 -,210x107°

2 U470 68.4 1.876 1.41 -.949x107* ~.855x1077

1 L4430 61,1 1.875 1.43 -.201x107°

2 43 61.4 1.875 1.43 -.198x107°% -.194x10-%

1 488 73.2 1.881 1.39 -.148x10-3

2 .h29 57.6 1.874 1.45 -,255x107°  .409x1077

3 .422  55.9 1.874 1.45 -,280x103®*  .632x10~7 -.565%x107 1!
4 L9274 1.870 1.38  .110x10”% -.522x107° .323x107?

ak=-.616x10‘13

Exact value of R(0) is 1.812 m?/sec?.




"oscillations" in Fig. 19 with those in Figs. 8 and 14(b), and
finally (4) the fraction of the "power" of the record in the
von Karman component 1s larger than in the previous two cases
as 1s most easily seen by comparing Fig. 18 with Figs. 7 and
13.

In view of the above considerations, i1t is not surprising
to see relatively less spread in the values of L shown in
Table 3 than found in either of the previous two cases. Ex-
amination of the empirical autocorrelation function in Fig.
19 shows that the largest value of &y for which we can expect
a 2nd degree polynomial to represent well the autocorrelation
function component from the "slow" turbulence component wg(t)
1s about &y = 1200 m. Hence, the values of L and 0% from
Table 3 that we choose to use for our von Karman curve in
Fig. 16 were those given by Eq. (5.1) which were obtained
using &£y = 1202 meters and m = 2. Values of L and 0% from
the case &y = 798 meters and m = 1 also would have provided
reasonable choice (L = 66.4 meters and o% = 0.462 m®/sec? as
would have been the values obtained from the case &y = 995
meters and m = 2 (L = 69.8 meters and ¢} = 0.474 ngsecz).
Very little discrepancy is found in the values of L from
these three choices.

Maximum Likelihood Estimation of Integral Scale and
Intensity of von Karman Component. The knee in the empirical
spectrum shown in Fig. 16 is sufficiently well developed to
apply the maximum likelihood method described in Sec. 3 of
Ref. 1 to estimate the values of L and o2 of the von Karman
component of the record. The likelihood equations were
solved using spectrum sample points in the range from k =
6.5 x 107*m~ ! to k = 3 x 1072m~ !, which the reader may verify
from Fig. 16 as the range dominated by the von Karman part
of the spectrum. Values of L and ¢? obtained using the maxi-
mum likelihood method were

L = 70.0 m, 02 = 0.456 m?/sec?. (5.2)

Very little difference is observed among the various wvalues
of the integral scale cited above.
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WAVENUMBER SPECTRAL DENSITY OF INSTANTANEOUS VARIANCE OF "FAST"
COMPONENT OF VERTICAL RECORD FROM FLIGHT 30 RUN 8
(MOUNTAIN-WAVE CONDITIONS)

In Sec. 6.2 of Ref. 5, a method was developed for esti-
mating the wavenumber spectrum of the instantaneous variance
0%(t) of the fast component we(t) of a turbulence record,
where time 1s translated to the spatial variable x using the
relationship x = Vt where V is the aircraft speed. The pro-
cedure used to compute the wavenumber spectrum of cé(t) is
as follows:

(1) High-pass filter the record to eliminate the low
frequency component ws(t). In our computations with the
vertical record from Flight 30 Run 8, we used first and
second order digital Butterworth filters as described in
Chapter 12 and Appendix C of Ref. 6.

(2) Find the wavenumber spectral density and autocorrela-
tion function of the high-pass filtered record using the
method described in Appendix B of Ref. 2.

(3) Square the high-pass filtered record and find the
wavenumber spectral density and autocorrelation function of
the squared high-pass filtered record using the method
described in Appendix B of Ref. 2.

(4) Compute the wavenumber spectrum of oé(t) using the
formula:

@c;(k) = {E[0}1}248(k) +

R 2(&)-[R_ (0)]?-2[R_ (&)]?
Wrzl Y RN e—i2ﬂk§dg (6.1)

>

~M [Rwh<o)]2+2[RWh(£)]2

where p,(g) is the Papoulis window function [7]

36



S

p,(8) =
0 , gl > M — (6.2)

see Appendix B of Ref. 2. Equation (6.1) is essentially the
same as Egq. (6.49) of Ref. 5 except for translation of time t
to distance x using x = V€ where V is aircraft speed, and
inclusion of the Papoulis window p, (g) to smooth the fluctua-
tions normally associated with power spectral estimates of
empirical waveforms. The aircraft speed for Flight 30 Run 8
was 197.05 m/sec and the value of M used was 10,089 m which
corresponded to 1024 sample points.

The wavenumber spectra obtained by the above procedure
are shown on log-log coordinates in Fig. 21 for three differ-
ent high-pass filter cutoff frequencies (wnvpnnmhprq\’ where

LR L r] Qo2 L L4 vTd LA B A v woliiv 1T o AVCOIlWILNVYCL o

NS de51gnates the number of fllter sections used [6], and k,
designates the (3 dB) cutoff frequency (wavenumber) of the
filters.

Except for statistical fluctfuations associated with the
finite length of the record, the wavenumber spectra @oz(k)
bl

should be independent of kc if our basic turbulence model
- 2

is valid. PFrom Fig. 21, we see that good agreement among the
three spectra is obtained for values of k < 10 °m~

For values of k > 107 %m™!, the three spectra are shown
vertically separated to avoid confusion among the three
spectra. The agreement in the wavenumber range k > 10 %m
is poorer. However, in this wavenumber region, the locally
stationary assumption leading to Eq. (6.34) of Ref. 5 is not
valid — that is, a basic assumption in the derivation of
Eq. (6.1) above is that the spectral content of o% is negli-
gible in the region k > 10~ 3m~!. Hence, the spectra in
Fig. 21 in the region k > 10"3 —! cannot be believed.

-1

The same three spectra of PFig. 21 are plotted on linear
coordinates in Fig. 22 for the wavenumber region k < 10 %m™?
where the spectra are believed to be valid.
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1§

FIG. 21. WAVENUMBER SPECTRA OF INSTANTANEOUS VARIANCE ci(t) OF "FAST"

COMPONENT ws(t) OF VERTICAL RECORD SHOWN IN FIG. 10.

DIFFERENT HIGH-PASS CUTOFF WAVENUMBERS.
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VERTICAL RECORD SHOWN IN FIG. 10. THE THREE SPECTRA SHOWN WERE COMPUTED FROM THE
SAME RECORD USING THREE DIFFERENT HIGH-PASS CUTOFF WAVENUMBERS.



The three high-pass filter cutoff wavenumbers used in
obtaining the spectra of Figs. 21 and 22 may be compared with
the spectrum of the vertical record w(t) for Flight 30 Run 8
shown in Fig. 16.
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PROBABILITY DENSITY FUNCTIONS OF INSTANTANEOUS VARIANCE o%(t)
AND SLOW TURBULENCE COMPONENT ws(t) OF VERTICAL RECORD FROM
FLIGHT 30 RUN 8 (MOUNTAIN-WAVE CONDITIONS)

Probability density of o%(t). 1In Sec. 6.3 of Ref. 5, a
method is developed for estimating the probability density of
the instantaneous variance of(t) of the "fast component” we(t)
of our turbulence model. Using that method, the probability
density of op(t) for the verfical record shown in Flg. 10 was
estimated using moments of op(t) through orders 3, 4, 5, and
6. A high-pass two stage digital Butterworth filter [6] with
cut-off wavenumber ks = 3 x 107°m™' was used in this procedure.
The resulting probability densities obtained using Eq. (6.77)
of Ref. 5 are plotted in Fig. 23 for the cases where moments
through the third and sixth were used. The cases using moments
through the fourth and fifth fell between the two curves shown
in Fig. 23. All four approximations are sufficiently close
to one another so that 1ittle practical significance can be
ascribed to their differences.

Each of the four computed density functions had an inte-
grable singularity at the origin. Thus, neitheg of the two
curves shown in Filg. 23 has a finite value at og = 0. The
reason for the integrable singularity at the origin is
apparent when we examine the vertical record shown in Fig. 10.
In the region between about 9 min 0 sec and 9 min 45 sec, the
fgst turbulence component wf(t) is virtually absent; hence,
op(t) is very nearly zero during this time interval. This
behavior is undoubtedly responsible for the singularity in

2 2
p(of) at gp = 0.

The probability density function of 0%(t) is useful for
calculation of aircraft-response mean exceedance rates. See
Eq. (4.8) of Ref. 5.

Probability density of wg(t). In Sec. 6.4 of Ref. 5,
a method is developed for estimating the probability density
of the "slow" turbulence component w.(t) from a turbulence
time history. Using that method, the probability density of
wg(t) for the vertical record shown in Fig. 10 was estimated
using moments of wg(t) through the fourth. This technique
also requires the moments through the fourth of the fast
turbulence component we(t) which were obtained using a high-
pass two stage digital Butterworth filter [6] with cut-off
wavenumber k., = 3 x 107°m™! as before. The probability
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FIG. 23. PROBABILITY DENSITY FUNCTIONS OF INSTANTANEOUS VARIANCE 012=(t) OF
THE "FAST" COMPONENT wf(t) OF VERTICAL RECORD SHOWN IN FIG. 10.
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density of wg(t) is actually computed using Eq. (6.93) of
Ref. 5, and is displayed in Fig. 24 for the vertical record
shown in Fig. 10. Also shown there is the Gaussian density
function with the same mean and wvariance.

The main purpose in estimating the probability density
of wg(t) is to make a first check on the assumption that
ws(t§ is a stationary Gaussian process. Considering the
obviously small number of statistical degrees-of-freedom in
the component wg(t) of the vertical record shown in Fig. 10,
we conclude from Fig. 24 that the deviation of the probability

density of wg(t) from the Gaussian curve is not statistically
significant.
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‘CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION
FUNCTION PARAMETERS OF LONGITUDINAL RECORD FROM FLIGHT 30
RUN 8 (MOUNTAIN-WAVE CONDITIONS) AND VERTICAL AND
LONGITUDINAL RECORDS FROM FLIGHT 32 RUN 4
 (WIND-SHEAR CONDITIONS)

Here, we discuss collectively the results from three
records, the longitudinal record from Flight 30 Run 8
(mountain-wave conditions) and the vertical and longitudinal
records from Flight 32 Run 4 (wind-shear conditions). This
completis all three records from Flight 30 Run 8 and Flight
32 Run 4. :

The power spectral density computed from the longitudinal
record of Fig. 10 is shown by the solid dots in Fig. 25, and
the power spectral densities computed from the vertical and
longitudinal records of Fig. 4 are shown by the solid dots
in Figs. 26 and 27, respectively. All three of these spectra
were computed by the method described in Appendix B of Ref. 2.
The value of M used in the computation involving the mountain-
wave record was 10,089 m as before, whereas the value of M
used 1n the compulations involving the wind-shear records
was 9613.3 m. These values of M correspond in each case to
1024 sample points. Before computing these power spectra,
the mean values of the records were computed and removed.

Von Karman longitudinal spectra are also plotted in
Figs. 25 and 27 using solid lines, and the von Karman trans-
verse spectrum of Egq. (2.1) is shown by the solid line in
Fig. 26. The von Karman longitudinal power spectrum is
described by

1

(8.1)
[1+7o.78L2k2]5/‘°‘

= 2
@KL(k) 20°L

The values of o2 and L for the von Karman spectra are given
in each of the three figures. These values of o2 and L were
arrived at using the constrained least-squares estimation
method described in Sec. 4 of Ref. 1, which postulates that
the autocorrelation functions are of the form of Eq. (3.2),
where c%¢x(£;L) is the appropriate form (transverse or
longituginal) of the von Karman autocorrelation function.

In obtaining the von Karman spectra shown in Figs. 25 and
27, we used a value of m = 3, whereas m = 4 was used in
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FIG. 25. COMPARISON OF SMOOTHED WAVENUMBER SPECTRUM COMPUTED FROM
LONGITUDINAL RECORD SHOWN IN FIG. 10 AND VON KARMAN
LONGITUDINAL SPECTRUM OBTAINED BY CONSTRAINED LEAST-SQUARES
FIT TO THE (EMPIRICAL) AUTOCORRELATION FUNCTION. VON
KARMAN SPECTRUM CHARACTERIZES "FAST" TURBULENCE COMPONENT
ONLY.
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FIG. 26. COMPARISON OF SMOOTHED WAVENUMBER SPECTRUM COMPUTED FROM

VERTICAL RECORD SHOWN IN FIG. 4 AND VON KARMAN TRANSVERSE
SPECTRUM OBTAINED BY CONSTRAINED LEAST-SQUARES FIT TO THE

(EMPIRICAL) AUTOCORRELATION FUNCTION. VON KARMAN SPECTRUM
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FIG. 27.
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obtaining the solid curve in Fig. 26. The values of £y used
in PFigs. 25 through 27 were, respectively, &g = 1300.5 m,

€ = 7501.0 m, and &y = 2497.0 m. Values of kg and k, used
in every case were kj = 107°m™! and ky = 4 x 10™%2m~!.  The
equatlion of constraint used in the least-squares method for
the mountain-wave longitudinal component is shown in Fig. 28.
The equations of constraint for the other two components were
not plotted.

Figures 29 through 31 show the autocorrelation functions
of the three records under consideration. The autocorrela-
tion function shown in Fig. 29 is dominated by the "slow"
component, whereas the "slow" component contributes relatively
little to the autocorrelation function shown in Fig. 30. The
relative contribution of the "slow" component to the auto-
correlation function shown in Fig. 31 is midway between the
other two cases.

The autocorrelation function representation, Eq. (3.2),
provided by the constrained least-squares estimation pro-
cedure of Ref. 1 is shown plotted in Figs. 32 through 34 for
the three records under consideration. Each figure contains
the results of several pairs of the parameters £y and m.

We may observe from these figures that the constrained least-
squares fits ¢(&) of Eq. (3.2) to the autocorrelation functions
computed directly from the records are, in general, quite

good.

Figures 35 through 37 show the autocorrelation function
representations of the "slow" turbulence component

m .
9, () = zoa.gl (8.2)

obtained after removal of the von Karman component 0%¢¥(£;L)
obtained in the constrained least-squares procedure. he
value m = 3 was used in all three fits. Figures 35 through
37 were computed by first subtracting from the empirical
autocorrelation functions R(£) the von Karman autocorrelation
functions with parameters o¢? and L as given in Figs. 25
through 27 respectively. The resulting differences,

R(E) - o?¢x(g,L) are shown by the solid lines in Figs. 35
through 37. We then computed an integral least-squares fit
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of Eq. (8.2) to the functions R(§) - oféx(E,L) over the lag
intervals 0 < &€ < 10,000 m using the third-degree polynomial
(m = 3) of Eq. (8.2). These third-degree polynomial repre-
sentations are shown by the dashed lines in Figs. 35 through

37.

Tables 4 through 6 show the values of o%, L, ¢(0), and
a, through ap for each combination of values of &y and m
used in the constrained least-squares fit of Eq. (3.2) to
the autocorrelation functions of each of the three records
under consideration. With the exception of the cases where
m = 1, we observe relatively little spread in the values of
the integral scale L of the von Karman component in each of
Tables 4 through 6.
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TABLE 4. CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION FUNCTION
PARAMETERS FOR MOUNTAIN-WAVE LONGITUDINAL RECORD
2
EH m of L

2 2
m m?/sec m g(o) a a, a, a,

995.1 1 .550 60.4 18.221 17.671 .582x10"3%

995.1 2 .481 y7.,2 18.221 17.740

.829x10"3 .198%x10"8

1300.5 2 475 46.1 18.220 17.744 -.837x10-°  .193x10~°

1300.5 3 .465  44.1 18.220 17.755 ~-.889x107%  .266x107°% -.310x107'°
2197.1 3 .414  34.5 18.223 17.809 -1.146x10"% .589x10~° —.143x10~°
2197.1 4 .443  39.8 18.221 17.778 ~-.977x10-®  .310x10"% .303x10-1!°

au=-.365x10'13

Exact value of R(0) is 18.147 m?/sec?
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TABLE 5.

&n

m

2497.
2497.
4496,
4496,
7501.
7501.
9003.

= W W

m2/sec?

5
4

R R R O )

CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION FUNCTION

PARAMETERS FOR WIND-SHEAR VERTICAL RECORD

2
Of

.102
.858
.036
. 710
LT75
.881
.709

L

m

154,
142.
151.
135.
138.
143.
135.

N W

Ui O O OV M

9(0)

~

Y O O O O O ON

Exact value of R(0) is 6.053

.090
.066
.095
.070
.066
.073
. 065

.989
.208
.058
.360
.291
.192

.356

m?/sec?.

.518x10-?
.909%10=3
.712x107°
.303%x10-°
.106x10"3
.909%x10~°

.2bg 1073

az aa
.139%x107°
.986x107°
.388x107% -.40x1071?
.258x107% -.18x10"!°
.154x10-%  ,25x10~*?
.340x107% -,34x10"1°

-.13%x10"*"

.11x10°t"



c9

3"

m

1699.
2102.
2497,
3098.
3605.

TABLE 6. CONSTRAINED LEAST-SQUARES ESTIMATION OF AUTOCORRELATION FUNCTION
PARAMETERS FOR WIND-SHEAR LONGITUDINAL RECORD.

m 0% L ?(0)
m?/sec? m
2 2 5.200 175.3 20.430
9 3 4.262 128.7 20.705
0 3 5.120 171.0 20.406
0 4 4,965 163.2 20..482
0 4 5.016 166.0 20.347

15.230
16.443
15.286
15.517
15.330

Exact value of R(0) 1s 20.072 m?/sec?.

.197x10"2%  486x10-¢

.536x10~2 ,370x10~% -.10x10"°8
.190x10~% ,384x10~¢ ~.29x10710
.258x1072 ,108x10"° -.35%x10"% ,6x10"13

.149x1072 -,599x107¢ .56x10~° -1.0x107!3



METHODS FOR COMPUTATION OF THE INTEGRAL SCALE AND INTENSITY
OF THE "SLOW" TURBULENCE COMPONENT

If ¢(&) is the autocorrelation function of a turbulence
record which is a function of the spatial lag variable &,
and

g% = ¢(0) (9.1)

is the mean-square value of the record, then the integral
scale L is defined as [p. 43 of Ref. 8]

41 j 6 (E)ac. (9.2)

0,2

L

0

Let us define the wavenumber spectrum of the record as

o (x) & J ¢ (g)e 12MhE g (9.3)
Hence,
2(0) = [ o(e)ag = 2 [ocerae (9.1)
Lo 0
since ¢(&) is an even function of £. From Egs. (9.2) and

(9.4), we may express the integral scale in terms of ¢(0) as

L = -2 5(0) . (9.5)

202

In the case of the von Karman transverse wavenumber
spectrum which we have chosen to characterize the "fast"
turbulence component, we have instead of Eq. (9.5),
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8 (0) = cIiLf , (9.6)

according to Eq. (3.18) on p. 80 of Ref. 1, where in Eq. (9.6)
we have used subscripts f to denote characteristics of the
fast turbulence component. From Egs. (9.5) and (9.6), we see
that there is a factor of two between the definition Ly for
the von Karman transverse integral scale and the definition
given by Eq. (9.5). This is customary — e.g., see Ref. 9.

Let us denote the wavenumber spectra of w(t), wg(t) and
we(t) in our turbulence model of Eq. (1.1) by &y(k), ¢5(k),
and ¢r(k). Then, from the assumed statistical independence
of {ws(t)} and {wf(t)}, it follows that

o (k) = o (k) + 0.(k) ; (9.7)
hence,
0,(0) = 2 (0) - 2.(0) . (9.8)

Applying Egq. (9.5) to the slow turbulence component, and
using subscripts s to denote "slow," we have

1
L = — ®S(o) . (9.9)

S 202
s

If we now recognize that the fast turbulence component whose
spectrum is ¢p(k) has been modeled by the von Karman trans-
verse spectrum; hence, ®p(k) = dgp(k), we may combine Egs.
(9.6), (9.8), and (9.9) to yield the desired expression for
the integral scale of the slow turbulence component:

= __l_._ 2
S

where all quantities on the right-hand side are easily esti-
mated from methods discussed earlier. The mean-square value
02 of the slow component is obtained from the mean-square
value of the original record and the mean-square value of the

fast component by subtraction:
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(9.11)

as may be seen from Eq. (9.7).

Initial evaluations of Ls for the first three records dis-
cussed in this report. The parameters required to evaluate
Lg for the first three records with a "slow" component
discussed earlier in this report are listed below in metric
system units.

Flit. 32 Run & Flt. 30 Run 8 Flt. 30 Run 8
(Wind Shear Lat.) (Mt. Wave Lat.) (Mt. Wave Vert.)

® (0) 3.001x10°m?/sec? 2.187%x10%m%/sec?® 8.502x10°m3/sec?

W

o; 53.66 m?/sec? 29.23 m?/sec? 1.812 m?2/sec?
0% 5.315 m?/sec? 0.684 m?/sec? 0.470 m?/sec?
Lf 265.5 m 128.9 m 68.4 m

Substitution of the above parameters into Egs. (9.10) and
(9.11) yields the following values for the integral scale LS
of the slow turbulence components of the three records:

wind-shear lateral: LS = 3090 m (9.12a)
mountain-wave lateral: LS = 3829 m (9.12b)
mountain-wave vertical: L _ = 3156 m. (9.12¢)

S

Discussion. Rough checks may be made for each of the
above values of Lg by comparing them with plots of the auto-
correlation functions of the slow turbulence components
shown in Figs. 9, 15, and 20 respectively. From the defini-
tion of L given by Eq. (9.2), it is evident from the above
mentioned figures that each of the values of Lg given by
Eg. (9.12) is too small. The reason that these computed
values of Lg are too small may be seen from Eg. (9.10). To
compute them, we used the values of the smoothed spectra
dw(0) evaluated at k = 0. The process of smoothing the
wavenumber spectra to get improved statistical reliability
reduced the values of the wavenumber spectra evaluated at
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k = 0. Hence, we require an alternative method to estimate
the integral scales Lg. Such an improved method has been
developed in Appendix H of Ref. 1. This method is based
directly on integration of the autocorrelation function
representation of Eq. (8.2) after extrapolating its "tail"
using a decaying exponential with continuous slope at

£ = Eg. The resulting formula for Lg derived in Appendix H
of Ref. 1 [Eg. (H.14)] is

( m .\
) a.EJ)
m a, . .20 J°H
=2 7 L gt =0 (9.13)
S a, b =0 J+l1 °H m o1
J_ J‘a.ng
j=1” 7

where a , ***, ap are the coefficients of the autocorrelation

representation of Eq. (8.2), and &y = 10,000 m is the upper
limit of the lag parameter used in the integral least-squares

fit.

Improved evaluations of Lg for the three records from
Flight 30 Run 8 and the three records from Flight 32 Run 4.
Using the autocorrelation function representation of Eq. (8.2)
with m = 3 over the interval 0 < £ < 10,000 m that is dis-
played for the six records of interest by the dashed lines
in Figs. 9, 15, 20, 35, 36, and 37, we have computed Lg
using Eq. (9.13). The resulting values of integral scale
are shown in Table 7.

TABLE 7. VALUES OF INTEGRAL SCALE Lg OF THE SLOW TURBULENCE
COMPONENT COMPUTED USING EQ. (9.13).

wind-shear lateral Fig. 9 L, = 8,511 m
mountain-wave lateral Fig. 15 Lg = 37,094 m
mountain-wave vertical Fig. 20 L = 4,997 m
mountain-wave longitudinal Fig. 35 L_ = 32,384 m
wind-shear vertical Fig. 36 L, = 825 m#¥
wind-shear longitudinal Fig. 37 LS = 17,052 m

¥The value of Lg = 825 m for the wind-shear vertical case 1is
completely unreliable because of the behavior of the auto-
correlation function representation of Eq. (8.2) shown in
Fig. 36.
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FProm examination of the dashed autocorrelation function
representations in each of the above cited figures, we
can conclude that the method of Eq. (9.13) should provide
reasonable values of Lg for all records except the wind-
shear vertical record whose autocorrelation function is

shown in Fig. 36. This lack of reliability is noted in
Table 7.
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APPENDIX A
INTRODUCTION TO COMPUTER PROGRAMS

The Appendices to this report document the following com-
puter programs developed to characterize nonGaussian atmospheric
turbulence records relevant to ailrcraft response calculations:

a. maximum likelihood estimation of the Iintegral scale
and variance of von Karman turbulence,

b. constrained least-squares estimation of turbulence
autocorrelation function parameters,

c. pgwer spectral density of the instantaneous variance
02(t)
f’ b

d. probability densify estimation of the instantaneous
variance o%(t) and the "slow" turbulence component
w_ (t).
s

The turbulence models used to develop these programs are described
in BBN Report 4319, Characterization, Parameter Estimation, and
Aircraft Response Statistics of Atmospheric Turbulence (Ref. 1).

These Appendices explain the program usage, program inputs
and outputs, and give typical teletype printouts. Included
are source program listings and printouts of typical output
data files. The programs were written iIn FORTRAN IV. The
notation used in this report is consistent with that of the
above cited reference.

The source program and subroutine listings are contained
in Appendix I in alphabetic order by program name. The source
programs and subroutines contain comment statements to aid the
user in following the flow of the computations.

Table 8 contains a summary of the purpose of each program,

subroutines required, and the form of the input/output of each
program.
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TABLE 8. ATMOSPHERIC TURBULENCE MODELING

PROGRAMS.

Main
Appendix Program Subroutines Purpose Inputs Outputs*
B.1.1 ATURB2 CFFT compute &,(k), R (&), & (k) turbulence (PHILK): ¢,(k)
2 2 p 2
SIMP samples,
TTY inputs (AUTO) : Rz(E)
(nspPs): ¢p(k)
B.1.2 PART2 AK computes
AKDAT B(L), Lc(ki L), ¢K(£) data file (1G6):1G (ki)
GAM (PHILK) and
PARAB and ¢K(k) TTY inputs (PHIXI): ¢K(£)
SIMQ (PHIK): d>K(k)
c.1.1 ATURB3 CFFT computes proven spectrum auto- turbulence (PHILK): <Dz(k)
SIMP correlation for nonGaussian tur-
e (aur0): R(E)
bulence samples — similar to (DSPS): & (k)
ATURR2 TR T
€.1.2 PARTS - computes o2(L,). j=1,...15 (PHILK) TTY
d TTY inputs cz(Lj)
C.1.3 FINAL AK1 computes ¢(&) TTY inputs (TTME): o(£)
AKDAT -
ANRP1 (1TM2L) :
FnDECT
DGELG o2 1% (kL)
GAM £ K
PAR1&2
SET
SIMP2
SIMQ
TRAP3&6
D.1.1 ATURBL CFFT Filter data, produce power turbulence (PHILK):¢2(k)
HPDES spectrum & autocorrelation fn samples & .
SIMP TTY inputs (AUTO)'Rwh<E)
TTY inputs
D.1.1 ATURLA CFFT1 Filter data, square, produce same (F‘PSD?):fbl(k)
(cont.) HPDES power spectrum and auto- as .
SIMP correlation above (AUTF2): Rw;(g )
D.1.2 ITEM3 CFFT1 compute Roz(E), ¢02(k) (auTo) (RSIGF):RUZ(E)
f £ (AUTF2) & f
TTY inputs (PHIF): &2 (k)
£
{x] [x] (k1
E.1.1 MOMENT BIN computes a. ,a , O N turbulence TTY: moments
“n ‘fn samples & listed to
k] TTY input left
and o _s k=1,...8
g
f
E.1.2 GDIST6 GAM probability density Py2 TTY input TTY output
£
E.1.3 ITEML FAC1 probability density p TTY input (PROB):p & TTY
¥s output ¥s

*Data files in parentheses.
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APPENDIX B

MAXIMUM LIKELIHOOD ESTIMATION OF THE INTEGRAL SCALE AND VARIANCE
OF von KARMAN TURBULENCE

Two main programs, ATURB2.F4 and PART2.F4, are used in com-
puting the integral scale and variance of von Karman turbulence.
The development of the maximum likelihood estimatlion technique
ls discussed in Sec. 3 of Ref. 1 and Appendix F of Ref. 1. The
first program, ATURBZ2, computes the two sided power spectrum,
S3, the autocorrelation function, R (), and the two sided
smoothed power spectrum, ®p(k), of %he turbulence record, w(t),
being processed. The second program, PART2, calculates the
integral scale of the stationary turbulence sample and its
variance.

A fast Fourier transform subroutine is utilized in computing
the power spectra and autocorrelation function. The positive
frequency domain values of the spectra and the values of the
autocorrelation function are stored in three separate output
data files. The data file PHILK, containing Sj values, 1s used
by the program PART2. In addition to computing the integral
scale and variance, PART2 computes the von Karman autocorrelation
function ¢x(&) and von Karman spectrum og7(k) using values of o2
and length scale L determined by the program.

Program Qutlines and Usage

Program ATURB2.F4: Computes the two sided power spectrum,
Ss, of turbulence data, the autocorrelation function ¢, and
smoothed power spectrum o.

a. Subroutines

i. CPFT — fast Pourier transform routine
ii. SIMP — integration by Simpson's rule.

b. Inputs¥* [from the teletype (TTY) unless otherwise noted]

i. speed of craft in m/sec — (V)T

ii. number of points in Fourier transform (NPTS) and
power of two of that number (MPWRN)

1ii. number of points in turbulence record (NOPTS) and
sampling rate of data (SRATE)

¥Unless otherwise noted a "G" format 1s used for numerical inputs
from the teletype.
+Alphanumerics in parenthesls represents equlvalent variable name
in source program.
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d.

iv.

vi.

number of polnts for smoothed power spectrum
(MPTS) and power of two of that number (MPWRM)
name of data fille (A5 format) contailning tur-
bulence values w(t) and number of points in

the array (NXRAY; input file has 0 to NXRAY-1
points divided into 4 columns with a format of

4 (E15.7); input values in units of ft/sec —
program converts values to m/sec); this dats
file 1s read by the program.

answer yes (Y) if program check on integration is
desired (value printed on TTY should equal value
printed 1in data file) or no (N) if program check
is not desired.

Outputs (to various data files or to the TTY)

1. data file, PHILK, containing positive frequency
(k) domain values of power spectrum Sj», equation
3.27, Ref. 3.

ii. data file, AUTO, contailning autocorrelation values

iii. data file, DSPS, containing values of the smoothed
power spectrum

Example

A typical teletype printout of the execution of this
program is shown in Fig. B.1l. The user supplied information dis-
cussed in b is underlined in the example. The flirst page of

each output file mentioned is shown in Figs. B.2 through B.4.

Program PART2.F4: Coemputes the..integral scale, L, of a
stationary turbulence sample and its variance (Eg. 3.25, Ref. 1).

a.
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Subroutines:

i. GAM — computes gamma function T

ii. AK and AKDAT — compute modified Bessel functions
of fractional orders 1/3 and 2/3, AK uses data
stored in AKDAT

iii. SIMQ — simultaneous linear equation routine from
the IBM Scientific Subroutine Package

iv. PARAB — curve fitting routine



JLOADER
*ATURBEs CFFTs ZIMPE

ATURBE 36K COREs 212 WORDS FREE
LOADER USED 39+5K CORE

EXIT.

“C

PSAVE <CORE FROM» 20 <(TO» 777777 <ON2 ATURBZ. ZAY [New FILE]
PET

INPUT EPEED DOF CRAFT <M-SEC)
187.76

INPUT TOTAL NO. OF POINTS TO BE USED IN 2L M. OF DATA
AND POWER OF TwWO OF THAT NO.

16384

14

INPUT NO. OF POINTS DF W(X> TO BE RERD
AND SAMPLING RATE OF DATA 14532., 05

INPUT YRLUE OF MPTE

AHD POWER OF TwWO OF THAT NO.
1024

0

INPUT DATA FILE MAME THAT CONTRINS ZRMPLES
OF Wdx> AND NO. POINTS HXRAY
HAZA1

14592

FPERFORM INTEGRATION CHECK <% OR M3 ¥

program output should match
value of o2 of data files

INTEGRAL OF FPHI OF L <k> = 0.4802E+02
0.35994528E-02 0.0000000 14723369, 0.0000000 " intermediate
343722.1 Q. oopaooon 244530.9 0.0000000 \output, useful
118152.3 c6228.80 for debugging
. 45653256 J only
o.7216021 D.70561144
343688.¢2 244518.3 118146.2

CPU TIME: 4:0.23 ELAPSED TIME: 10:35.8%5

HO EXECUTION ERRORS DETECTED

EXIT.

~

FIG. B.1. TTY PRINTOUT FOR RUNNING PROGRAM ATURB2.
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FIG.

T4

s <RFTSHERD>PHILK.DA™;5

DATA PILFE CREATED BY PROGRAM ATURB2

POWER SPECTRIOM OF PHI OF L (XK)
DATA TARKEN FRNY FILE VFRT

32768 DATA POTNTS

WERE USED IN 2L =

1924 DATA POINTS WERFE USED IN M =

9968 ZPRNS WFRP ADDEND TO DATA

MFAN VALUE OF W (X) =

MERN SO. VALUE =

CH 0P L'(Y) *¥%2>

= 1.32a85

#.83463FP-71 M/SFC
2.13375E+31 (M/SEC) *%x2

Mon 7-Nov-77 9:47AM

PAGE 1

212894 .8468 METER

6599 .4639 o

PRINTOUT OF THE VALJES OF THE POWER SPECTRIUM
PS VALUE CONTD

K

¢, AGOCAC
¢.AP00 25
P.OAC2A9
7.200C14
7007219
F.OGRZ2L
¢, ER7228
7. rAA023
c.00¢0 38
F.OAFRLI
7.oR3xU7
P.EARES2
0. eABRST
F.earae2
P.7232066
¢.R0ATY
F.AGRATE
¢, @00 g
7.000%285
A,PA0092
F.EA*FI9S
n,ra%1 Q9
¢, 0100
e, %3109
g.0¢x194
¢, 077119
#,AA7*423

B.2.

PS VALN®

A, 14198-29
A.1622F+00
2,605 2F+03
7,20327+02
A, 4872%+4@7
%3.55¢8F+73
g.11787+43
T, TU29R+A2
7,52297+83
%.2987R7+023
2.4791%+33
7,3334%+03
2.1339E+23
*.1206F+33
A.1233E+073
7.1368%+23
#.574 3F+A3
%, 9769E+22
7.3835F7+83
#.8738E+72
7,550 85+93
A2, 71722¢%+73
%, 30¢8F+33
7.,3210F+@3
7 ,7278F+23
A.150FE+@3
?,15138+04

XK CONTD

A.038844
2.03R8849
2.038853
?.03Rr858
7.€38863
7.mA38868
7.238872
A, @3RR77
7. 238882
. 03R1387
#.238891
#.#38996
#.238901
A, @3R89¢6
#.23891¢
#.83R915
A,9389290
7.£38925
A.0238929
2, 438934
#.938939
#. #389u4
2.£38948
7,.0A3R053
#.238958
. @3R963
4.828967

OUTPUT DATA FILE PHILK.

2.5791E+290
A.1758k+21
P.4770E+23
7.2895E+08
P.1043P-21
P.75U0E+729
g.8492E-01
P.19UCRE+ZD
7. UQTEF+P D
P.68u40F-31
@.8u88E+2¢
A.IUULE+ZR
2.2073F-21
d.1683E+20
#3.9916E+70
Z.8517E+7 @
#.1654E-02
A.27T68E+7Q
?.8511E+7 2
2.6148F+29Q
2.TOU2E+P A
P.1%334F+01
?.8529E-¢1
7.5254E+00
?.1U31E+20
F.U1T3IEFQ
?.2629%+21

ETER



s <RFISHER>AUTHSV.CAT;:1 Fri 28-Apr-78 4:51Pn PAGE 1
AUTO renamed to AUTWSV

DATA FILE CREATED BY PROGBAMN ATURB2

AUTOCORRELATION OF STATICNABY SAMPLE
DATA TAKEN FROM FILE NASV

16384 DATA POINTS WERE USED IN 2L =
19024 DATA PUINTS WERE USED IN B =

153812.992¢ METER
9613.3128 METER

1796 ZEROS WERE ADDED TO DATA

MEAN VALUE OF W (X) =
MEAN SQ. VALUDE =

~3.43757E-81 M/SEC
9.68534E+81 (M/SEC) **2

<@ OF L(X) **2> 6.08533

TRUCATION:- PGINT WAS 130409.00 METERS
WHICH CONTAINS 1384 POINIS

PRINTOUT OF THE VALUES OF THE AUTOCORRELATION

X RL RL/R8
0.0000000 6. 053274 1.e20£200
9.388¢249 5.53 1511 #.9138248
18.7764¢ 5. 246111 £.8336167
28.16404¢ 4. 635640 9.7658¢83
37.5520880 4.277285 £.7066£68
46 .94 000 3.941774 g.6511€0¢4&
56.32802 3.612217 2.5967377
65.71609 3. 323236 #.548998¢
75. 18499 3.883437 2.5€93834
84.49282 2.885883 g. 4767475
93.88000 2.686956 g.u438848
183.2689¢ 2. 529167 d.417818¢0
112. 6564 2. 397351 2.3962421
122.0448 2. 274819 8.3756676
131.4329 2.177832 £.35979u 8
148.8209 2. 38 1459 #.3438567
150, 2088 1.975835 £.3269362
159.596% 1. 874744 g8.30697268
168.9849 1. 7S€E€E49 £.2568393
178.372¢ 1. 736489 0.2858766
187.7680 1.661303 g2.2744479
197.1484 1. 577359 B.2605794
206. 5369 1. 491435 2.24638u48
215.9249 1. 48 1896 #.2314689
225.3128 1.312728 £.2168625

B.3. OUTPUT DATA FILE AUTO.



t <RFISHER>DSPS6,DATS Fri 28«Apre78 4:52PM PAGE 1

Renamed from DSPS

DATA FILE CREATED By pROGRAM ATURB2

SMOOTHED POWgR SPECTRUM PHI OF p(K)
DATA TAKEN FRrOM DATA °FILE NASV

153812,9920 METER
9613,3124 METER

16384 DATA pOINT& WERE USED IN 2L =
1924 DATA POINTS WRRF USED IN M =

MEAN VALUF OfF W(X) a =0,43757E=01 M/SEC

MEAN S0, VALNE =

<W OF Lex)yssd>

= 6,2533

1796 ZEROS WERE AnDRD TO DATA

RL(Q) =

2,605 IE41

A.60534F+01 (M/SEC)Y##2

PRINTOUT OF vALUES AF THE SMOOTHED POWER SPECTRUM

K SPS$ VAILUE X CONTD SPS VALUE CONTD
?,000000 @,2211g+94 2,026630 ?,5582E4+01
2,2008052 P,2324F+24 7,026682 2,5629E+01
0.,000104 R,2601F+024 @,626734 0,5344E+01
PBGT156 W,26p18+048 »,726786 B,5022E+01
B,202208 Ve2030F 404 0,226938 B,5740E4+01
0,020269 2,1521F+04 2,726899 @,6989E4+01
M, 02312 J,1446E+024 a,026942 #,6953E4+01
B, AO3IBA W, 1371E+024 78,026994 2,5436E4+01
B2,000416 P,12g6r+04 R.027046 ?,4300E+01
P,002468 O,7951E+73 2,027798 ?,4341E+01
P.000520 D,7422E+23 0,027150 #,4698E+01
2,000572 N,R955F+23 G’H272G2 N,5071€4+01
P,80624 ?,98R3F+03 6,027254 2,5294E+01
P.APVETH A, B8T45F+2] 0.027306 2,5114E+01
P.000728 #,6968F+03 7.227358 9,4857E+01
2,200780 ?.,%919F+93 0,027410 P,5411E401
2.,000832 2,49817+23 G,w27462 N.6069E401
P OPNRRA ?,4930F+A) #,027514 ?,5290E401
P.PAN936 A,6537F+2)3 a,627566 @,4402E+01
2,000988 Q,A731E+2) ".0n27618 0,4795E401
P.01040 A.,9673F+13 n,n27670 2,5412E+0%
P.001092 2,8431F+23 0,”27722 $,5693E401
2,AP1144 B,6466F+03 n.727774 2,6767E4+01

FIG. B.4. OUTPUT DATA FILE DSPS.
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Inputs and teletype outputs

i.
11.
iii.

iv.

vi.

number of data points (NPTS); step size of k
(DELK); and step size of & (DELX)

program automatically calls in data file "PHILK"
contalning S: values

summation index N(N); initial estimate of L
(ALV(1l)); and step size of L (AL=STPL)

program prints computed values of E(L), E(L+AL)
and questions whether the values are positive
and negative (opposite signs) — answer yes (Y)
or no (N); the program then outputs the inter-
polated value of L; this value, L', is used to
compute the new values of E(L') and E(L'+AL/10)
again the program questions whether the values of
E(L) and E(L+AL/10) are of opposite sign; if the
answer 1is yes (Y) the program computes the final
value of L, if the answer is no (N) the program
has to be restated with a new value of L [abort
(A) program]

after program computes and prints out value of
02 the program can be aborted (A) or continued
(C) for the computation of LG(kj;,L) Egq. 3.35,
Ref. 1, and the von Karman spectrum and auto-
correlation.

Outputs

1.
ii.

1ii.

iv.

values of L and o2 (Eq. 3.25, Ref. 1) are printed
out on TTY

data file LG containing values of LG(kj,L) (Eq.
3.35, Ref. 1)

data file PHIXI contalning values of the

von Karman autocorrelation function:

- 3
b (E) = 0 E— (8e/L)Y 3k, (BE/L)

22/
- 1/3

1
(3)

BE
- 5% K_, 5 (BE/L)

-2/3

which is similar to Eq. 4.48, Ref. 1.
data file PHIK containing values of the von Karman
spectrum QKT(k) or FJ(L), Eq. 3.20, Ref. 1.
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d. Example

A typical teletype printout of this interactive program
is shown in Fig. B.5. Again, the user supplied information 1s
underscored. Examples of the first page of the output data files
are shown in Figs. B.6 through B.8.
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SLOADER
PART2> GAM> AK s AKDAT s PARAE s SIMOS

PARTE 24K COREs 899 WORDS FREE
LOADER USED 26+5K CORE

EXIT.

~C

AESAVE (CORE FROM> 20 (T 777777 ON> PRARTZ.EAY [HEW FILE]
PET

IMPUT HO. OF POINTS TO BE READ», DELKS DELX

V54503 4. 7416FISE—0625.436_,

INPUT NsL» 2 ITEP SIZE OF L -
63253 305,230, 5 €& AL = «|*L

O 1 PASS E = —0.9844976E-03

ON & PASS E = 0.4644040E-02

ARE THERE POS. AND NEG. E"S <Y OR N> y¢vIf answer is no restart
program with another

FOR 2 PASS INTERPOLATTED L = 309.8796estimate of L
oM 2 PASS E = 0.93919%7E-04

oM 4 PASS E = —-0.5123543E-63

ARE THERE POS. AND NEG. E™S <Y OR MO X

FOR 4 PRSS INTERPOLARTTED L = 309.4071

CONTINUE OR ABORT? «C OR RA» L

slGe = 1.326393

CONTINUE OR ABORT? «C OR A> I

EXIT

FIG. B.5. TTY PRINTOUT FOR RUNNING PROGRAM PART2.
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FIG.
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B.6.

<RFISHER>LG.DATs1

QUTPUT OF 1TEM 1,

P!RT 4,

CREATED BRY PROGRAM pART2

FOR L =
) K
2,4741700Een5
2,9483399EenS
2,1422510Een4
2,1896680E=n4
9,2370R850Een4
2,2845020En4
2,3319196Ewn4
2,3793362E=n4
2,4267530E~04
- 9,4741700E«p4
#,5215869E«04
9,5690039Eep4
#,6164209F=n4
8,6638379E=0n4
8,7112549F=04
8,7586719Een4
?,8060B89E=04
] 8535@59E-G4
0,9089229En4
2,9483399Ee«04
9,9957569Eepn4
9,1043174Een?}
9,1099591E=a)
2,1138008E«n)
0,1185425FEen3
0,1232842E«n3
?,1280259E«0n3
8,1327676E«n)
9,1375093E=03
0,1422%517E=01
8,1469927E«n3
B,1517344Eep3
2, 1564761Eep3
0 1612178E=n3
0 1659595Ee=n3
0.1707012E-a3
2,1754429E«03
2,1801846Een)
2,1849263E=n3
2,1896680Een3
0,1944097E«33
2,1991814Een3
9,2038931F=n3
8,208634REen3
8,2133765E«03
9,2181182Fen3
8,2228599E=n3

3a9,

4071
73
.9f2539761E-03
" ,.10315040E«02
-ﬂr2782194E092
o} 4@52757E-02
0] 63123783F=02
-9 9091270E=022
'9’1734963P-G1
-2 1609363Ea01
., «2031638E=01
-, 28”1044E-ﬂ1
-0 3016757E«01
-0 3577889?.01
-0,4183448E-91
ol 483?431?-@1
@’ 552’736E-ﬂ1
-ﬁr62562175-ﬂ1
Y] 7ﬂ29672€-01
.9,76398545001
.@ 868ﬁ474€-ﬁ1
'n 9‘7‘2“3E-Gt
-ﬂr1ﬂ49268
-0 1144552
-9 174303@
o 134456@
.@r144ﬁ9°7
-0,1556195
-ﬁrIQSSOGG
.0f1778290
«0,1892895
-@ 2009678
"y 2129494
19'22492ﬂ9
»~2,2371655
0,2498720
=0,2621257
-0 .2748132
«2.2876214
“0}3005372
.0’3135491
=0.3266419
.ﬂr31°8ﬂ67
£ 3] 353@309
-9r366?933
-9’3796131
~07 3029498
-0 4“63535
-9 4196644

OUTPUT DATA FILE LG.

METERS

Wed 26eApre78 12814PM

PHASE TI ATMO. TURB,

K CONTD

#,1500274E=01
#,1500748E=01
5,15a12225-ei
#,1501696Ee01
a, 18021 70E=01
a 150264SE«01
a 1503119E=n1
a,:soaso;z-oi
7,1564067Ee01
#,1504541Ee01
a 15050185Eep
e 1505490Fen1
a 1505964E=01
a,15as4sas.a1
#,1506912E01
a 1537386Fwd1
a'15078605-91
?,1508335E=n1
a 1528809 =1
a 157928 3E=p1
»’ 150975701

@ 1810231E=01

a,1510705Ee01
@ 1511180En1
2 1511654E=01
?.1512128E=01
9,1812602E01
®.1513076E=01
@,1513850Ew01
Pr1514025E01
?,1514499Ee01
@, 1514973Ea01
27151544 7E01
. 1515921Fe01
?,1516396E=01
A,1516870En1
®,1517344E=01
?,1517818Ee01
?,1518292E=01
2,1518766E=01
@, 1519241E01
,1519718E=01
) 1520189001
?.1520663E=01
,1521137E«01
A,1521611Ew01

' .1522086E=01

PAGE 1

LG CONTD
=1,665%75%
*1 ,665%75
vl ,665576
=1,665577
«1,665577
-1 ,665578
-1 , 665579
=1,665%79
=1,665580
»],665581
=1,665%01
=1,665%582
-l 665583
-, 665584
-1 25665584
-1,665585
-] 665586
=1,665586
=1,665587
=1,665%88
e1,665588
e1,66%%89
»1,665598
-1,665590
»},665591
=1,665592
-1 ,665592
e1,665593
«1,665594
-1,665594
“1,665595
«1,665596
»1,665596
=1,665%597
.1 ,66%5598
~1,665598
-1,665599
=1,665600
.1,665600
=1,665601
=], 665602
«1,665602
=1,665603
.1,665604
»1,665604
=1,66560%
vl ,66%5606



? <RPISHERDPHIYT.DAT; 4 Mon 7-Nov-77 4:37pPM PAGE 1

DATA FILE CREATED BY PROGRAM PART2

OITPUT FOR PART 7 OF ITEM T,PHASE TT
CALCTIATIONS OF VON-KARMEN AUTOCORRELATION FN

B.7.

1STGMB .SORD = 1. 3263:53;/1‘, ¢K(£)4_——Comment: headings not
41,42915 A 106a000 #.9711831 correct in main program
82.85830 A, 2909900 #.78%9889 format
124,2870 Aa.3¢aM300 2.6363039
165, 7166 A UPPAGAD #.5221149
207.1457 3.500790¢ #. 4288043
2u8, 5749 B.6007200 8.3515248
294.60u¢ 7.7¢9%02¢0 A.2873403
331.4332 A, 8023300 #.2331573
372. 8622 n.9A@RATN #. 1881397
414, 2915 1, 000000 2.1592596
455.72%6 1.107320 7.1185698
497, 1498 1.207000 #.92¢1595E~81
5318.5789 1.307000 #.698 20 30 E-F1
584, AA81 1,407009 #.51336907~41
£21.4372 1,582300 #.3597379E-81
667. 8660 1.604009 #.2325935F-¢1
704,2955 1,70%380 #.1281393F-91
745, 7247 1,80380¢ A.4265060P-a2
787.1538 1.9972p8 -#.2655269F-82
828.5830 2.027@0¢ -8.8212838F-82
874,121 2.10%09¢8 -8. 1262164 E-81
911, 4012 2.20¢34040 -2.16032647-81
952, 8774 2.3910400 -#. 1863146 E~2 1
994,2995 2.0005@00 -0.2054586E-21
1035,729 2.59%000 -3.2190848E-0 1
1¢77.158 2. 6072080 -9.2277357r-01
1118. 587 2.797280 -6.2328410F-31
1167, 4316 2.87%1009 -7.234580822R-01
1201, 445 2.907p2@ -3.2329913F-21
1242, 874 3. 297009 -£.2298791E-01
1284, 340 3.107339 -8, 2253897E~£1
1325.733 3.2270¢00 -2.21899938-01
1367.162 3.307870 -6.2119117E-21
1408, 591 3.429¢39 -0.2040945F-81
14506, 020 3.597600 -p. 19589428021
1491, 449 3.60%300 -9.1871502F-01
1532, 878 3,700800 -3.17831¢7E-01
1574, 348 3.827000 -0.1694823R-01
1615.737 3.907389 -@. 1604555E-91
1657. 166 b, 00030 Q -2, 15172458-21
1698. 595 u,19%20@ -7, 1431294E=-21
17408, A2Y 4,207¢60 -#.,1387738EF-01
1781.453 u,30799¢ -0.1267253E~-¢1

OUTPUT DATA FILE PHIXI.



s <RFISAER>PHIK, DAT™; 1 Mon 7-Nov-77 4:37PM PAGE 1

. DATA FTLE CREATED RY PROGRAM PART2

onrTenT™ wO™ DART™ 8 NF TTEM T, PHASFE 1Y ,
CATCTIATINONS N PHY X WITH 1 = 349.4871 AND SIG SORD = 1.326393
ok Comment :

FIG.

¥ )PHT K ¥ CCNTD PHIK CONTDE 1) headings should
A.HT7816997-25 41¢. 4475 #. 15482 T4F-01 2.432225 1ine up with
@.94833997-05 410.6Q¢35% 7.15A8T48E-21 2.42¢946 columns
M. 1422510 F-44 410. 8626 7.1581222F-21 2.429668 2) PHIK = F (L)
?.1896683F-74 411.2235 7.1561696F7=-01 2.42n391 J
#.2372853E-14 411, 6845 7#.1502170F-21 2.427115

@. 28450 298-01 812 .2432 A.1502645R-01 2.425848

M. 3319193 7-0u u12,8968 A,.15¢3119F-21 2.424566
#.3793360E-24 413.6421 9.15¢3593E-71 2.423293

., U267529E-7U u14, 4755 ?.1580067%°-01 2.822621
A.U741699F-24 415.3928 #.1504541E-81 2.428751
#.5215869 -4 416.3897 2.15450157-21 2.419481
M.5690039%-04 417,48612 2 .,15854908-01 2.418213
7.6164209E-"4 418.6722 2.1505964E-91 2.416945
?.6638379E-7U $19.8374 f.1546438F-31 2.415679

A, 7112549E-74 421.0711 2.1506912F-01 2.4519414
#,7586719F-21 n22.3873 7.1507386E-21 2.812159

7. 80A3889E-74 423.75%2 A.1587868P-31 2.411886
f.8535059v%-74 425.1539 #.1548335P-21 2.412624
A.97092297-34 426.59¢0 #.1508809E-21 2.u4291363
7.9483399%-"y 428.0545 #.1539283R-01 2.498183
A,9957569F-74 429.5422 #.1509757F-981 2.ug6844

7, 1643170 R-72 431. 806 4.1510231E-91 2.,405586

® 109A591F-23 432.5493 2.151270SF-081 2.4241329
#.1138008E-72 u3n, 2599 #.1511180E-91 2.423073
#.1185425F-0%. 435 ,5663 #.1511654E-91 2.401819

A, 1232842F-727 u37.2623 #.1512128E-01 2 .482565
?.1287259%-13 u38.5420 #.1512602E-91 2.209313
7,1327676E-713 439.9994 7.1513076E-21 2 .398061

A, 13754 93E-713 441 ,429¢ #.1513558F-01 2.396818
#.10225198-73 4u2, 8254 7.15148252-91 2.395561
A.1869927F~-2 uuy 1835 7.1514499E-31 2.398312

7. 1517384 E-23 4us, 4982 7.1514973r-01 2 .393765
@.1564761P-"13 4a6.76549 7,15154047E-A1 2.291818
7.1612173%-0113 un7, 9793 #.1515921F=-21 2.398573
f.16595957-73 419,1372 7.1516395F-01 2.3891329

#. 17673 12v=n7 use, 2347 %.1516870F-01 2.388985
#,17544829F-%13 451.2684 #.1517344E-9%1 2.386843

¢, 1881846 %- 13 452,2349 #.1517818%-921 2.385602
#.1849263E-03 453,1312 2.1518292E-01 2.3841361
7.18966807-71 453.9548 #.1518766E~-21 2.383122
7.1948397R-23 454 7433 #.1519241E-31 2.381884
#.19915 1773 455, 3744 #.1519715F-71 2.3809647
#.2038931F-22 455, 9665 #.1520189E~21

B.8.

OUTPUT DATA FILE PHIK.

2.379411



APPENDIX C

CONSTRAINED LEAST-SQUARES ESTIMATION OF TURBULENCE
AUTOCORRELATION FUNCTION PARAMETERS

This series of programs computes the maximum likelihood esti-
mate of o% and length scale L for nonGaussian atmospheric tur-
bulence. The method used is generally described in Sec. U4 of
Ref. 1. The computer method used to compute ¢? vs L 1s similar
to that already discussed in Sec. B.1l. The program, PARTH, is
used to compute up to 15 pairs of o2?(L);L values.

These values are used by program FINAL according to the method
outlined in Sec. 4 of Ref. 1 to determine op and L. There are
several versions of FINAL taillored to particular turbulence cases.
Only one example 1s covered by this report.

Program Qutlines and Usage
Program ATURB3.F4: Computes the two sided power spectrum,
Ssi, the autocorrelation function, and smoothed power spectrum
o% the nonGausslan turbulence samples. Usage of this program is

similar to that outlined in Sec. B.1l.1 of this report.

Program PART5.F4: Computes o2 for up to 15 different values
of length scale L (Eq. 4.46, Ref. 1).

a. Subroutines -— none

b. Inputs
i. number of data points (MA41); step size of k(DELK);
and step size of £ (DELX)
ii. whether turbulence record is transverse (T) or

longitudinal (L)
iii. program reads in data file (PHILK) containing values
of Sy computed by ATURB3.

iv. lower and upper bounds of k (KL,KU) and number of
data points between the two limits (N)

V. index counter (J) [from 1 to a 1limit of 15
successively] and value of integral scale L (AL)

vi. option to continue or abort program after each

computation of o2(L).

¢c. Outputs

i. index counter (J) and calculated value of o2 for
the L chosen (Eq. 4.14, Ref. 1), printed out on
TTY.
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d. Example

A typlcal TTY interactlion is shown in PFig. C.1.

Program FINAL.F4: Computes constralned least-squares esti-
mation of turbulence autocorrelation function ¢(g) (Eq. 4.1,

1)

a. Subroutines

i.

ii.
iii.
iv.

V.
vi.

vii.
viii.

AK1 and AKDAT — similar to AK and AKDAT described
in Sec. B.1l.1l except more data points are contained
in AKDAT

GAM and SIMQ — described in Sec. B.1l.1

PAR1 and PAR2 — curve fitting routines

DGELG — simultaneous linear equation routine uslng
double precision — from the IBM Scientific Sub-
routine Package

TRAP3 and TRAP6 — subroutines for integration by
trapezoidal rule

ANRP1 — interpolation routine

SIMP2 — integration by Simpson's rule

Function DECT and subroutine SET are incorporated
in the main program body of FINAL.

b. Inputs and TTY printout

i.

ii.

iif.

iv.

if the program has been executed once and the
contents of all registers saved answer yes (Y)

and the program will skip the input data phase
(skip to step vi), otherwise answer no (N)

input step size of £ (DELX) and number of combina-
tions of ¢? and L pairs that have been computed
previously and edited into the maln program FINAL
(maximum of 11, indexed from 0 to 10). [Since
these values are placed in the main body of the
program there are different versions of FINAL for
each different turbulence record]

%s)turbulence record transverse (T) or longitudinal
L)?

integer value of Ey/L-(NXIH), Eyx(EH), and value of
m (MM) used in the summation of Eg. 4.1, Ref. 1.
program automatlcally reads in data from file AUTO
which contains values of the autocorrelation
function computed by program ATURB3

[program prints out value of &(g&y)]



#LOADER
+PARTSS

PARTS 16K CORE. 1022 WORDS FREE
LOADER USED 18+GK CORE

EXIT.
~
IST

INPUT MO. OF POINTS TO BE READs DELKsDELX
129165 3. 019744513E~-05,9 . 83585

IS RECORD TRAMSYERSE OR LONGITUDIONAL «T OR L> T

IMPUT KLs>KUsHM
2045129165 12353

INPUT JsL 1s20.

FOrR 4 = 1 &IG2 = 0.3392710
FICK ANODTHER JsbL <Y OR N> X

INPUT JsL 1:23.

FOrR J = 1 ZIG2 = 0.3340473
PICK AMOTHER Jst <y ORM» -
INPUT JsL 2220,

FOR 4 = 2 zIGe = 0.3517352

PICK ANDTHER JsL <Y OF N> ¥

IMPUT JsL 4545,

FOR 1 = 4 2Izg = 0.3832800
FICK ANOTHER JsL (¥ OR N» X

IMPUT JsL 5255,

FOR J = S SIG2 = 0.4192905
FICK ANOTHER J:L <¥ OR N> ¥

INPUT JsL 5365,

FOR 1 = & ZIGE2 = 0.4566256
PICK ANODTHER J:L <Y OR > X

IMPUT JsL 7s75,

FOR 0 = 7 3IG2 = 0.4940900
FICK ANOTHER JsL <¥ OF N> ¥

INPUT JsL 8»8S.

FOR 4 = 8 SIG2 = 0.5311373
PICK ANOTHER JsL <¥ OR M Y

INPUT Jsb 2295,

FOR 1 = 92 3162 = 0.5675591
PICK ANDTHER JsL ¢y OR M> H

CPU TIME: 4:18.85 ELAPSED TIME: 14:46.23
MO EXECUTION ERRORS DETECTED

EXIT.

~C

2

FIG: €.1. TELETYPE PRINTOUT FOR RUNNING PARTS5.




vi. choose an in#%tial value of o2 and its associlated
array index 1; i.e., which index 1 in the array,
Li(c?), 0% 1is closest to; the array Li(c?) was
discussed in Sec. C.1.3b 1ii.

[program then prints out interpolated value of L
for o? value chosen; the value of dL/dc? (Eq. 4.47,
Ref. 1); and IER should equal ¢ or there is an
error in the simultaneous linear equation routine]

[program outputs solution of o? as explained in
Sec. U4, Ref. 1, pages 106-109. When O%NPUT &

2
GOUTPUT a solution has been reached]

.. 2 = 2 . i
vii. stop loop if OINPUT = °QUTPUTS if equality is not

reached program reverts to step vl above, if )
equality is reached latest value of o2 becomes of
[if equality is reached the program outputs the
interpglated value of the length scale L associated
with op and the coefficients of the polynomial
approximation to the autocorrelation function of
the slow component as discussed in Eq. 4.1 of
Ref. 1]

viii. input value of step size of k (DELK)
save image of core if program is to be rerun

¢. Output data files
i. data file ITM2 contains values of the autocorrela-
tion function ¢ (&)
ii. data file ITM2L contains values of the normalized
spectra o%L@K(kL), Eq. 4.16, Ref. 1,
d. Examples

Figure C.2 is an example of the execution of program FINAL

while the first pages from data files ITM2 and ITM2L are shown
in Figs. C.3 and C.4.
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ILOADER
*FINAL s AK1: AKDAT> ANRP1s GAMs PARL» PARZs SIMPRs SIMGs TRAP3s TRAPK » DGELGS

FINAL 17K COREs 245 WORDS FREE
LDADER USED 20+5K CDRE

EXIT.
“~C
FTAYE (CORE FROM> 20 (TO> 777777 «(ON> FINAL.SAY36 [Mew veErsion]

PET

HAS DATA BEEN COMPUTED 7
N

INFUT DELX»sLMRX
2.8525510

IS RECORD TRANSYERSE OR LONGITUDIONAL (T OR L> T
INPUT HIGHEST IMDEX OF XIs EH» & M» 122,1202.00551

RL{MAIHY = 1.156804
SIMPSONS RULE USED IN IS& I6 UF TO L INDEX = ©
FICK A SIGMA SBRD AND ITS ASSDCIATED L INDEX

343s 4

FOR SIGMA SRRD =  0.4430000 L INT = 51.37044
OLDE = 268.2r01

1IER = )

FOR NCOUNT = 0 IIGMA SO@RD = 0.4287123156550342D+00

STOP LOOP % <Y OR N> N

PICK A S1GMA ZRRD AND 1TSS ASSOCIATED L INDEXR

ELIX]

FOR £IGMR EERDI = 0.4400000 L INT = 60.56512
DLDE = 268.6132

1ER = 0

FOR NCOUNT = 1 SIGMA $QRD = (.4327416339782393D+00

STOP LOOP ? <Y OR N> N

PICK A SIGMA SORD AND ITS ASSOCIATED L INDEX
-435s 3

FOR SIGHMA
DLDE
IER a

FOR NCOUMT = & SIGMA SERD = 0.439627293149702850+00

4.4350000 L INT = Sa. 22062

=70F LOOF F < OR M> H

FI1C TIGMA SERD AND ITS ASSACIATED L IMDEX

FOR SIGMA SERD = 0.4370000 L INT = 59.75876
nLbs = 268, 95964

1ER = ]

FOR MCOUMT = 3 SIGMA SORD = 0.4368476183747002D+00

STOP LOOF 7 < OR N> ¥

N LAST PASS NCOUNT = 3 L = S59.75876
AND SIGMA SORD = 0.4268476183747002D+00
AC 02 = 1.436521

AC 12 = —0.2101162E-03

INPUT DELK 4.955%E-05

CPU TIME: 21.79 ELAPSED TIME: 3:1.07
MD EXECUTION ERRORS DETECTED

EXIT.

o~

FIG. C.2. TELETYPE PRINTOUT FOR RUNNING PROGRAM FINAL.



¢ <BFISHER>ITM2.DAT;7 Thu 13-Apr-78 3:33PAM PAGE 1

DAT'A FILE CREATED BY PROGRAM FINAL
MITH M = 1 AND LENGTH = 1399. 355 AUTOCOR. OF FILE VYERT2
OQUPPUT FIR PART 9.K
WITH L = 61.13212
COEFFICIENT A(D -
COBPFICIENT "A (1)

AND SIGMA SQRD = @.4426216249583745D+930
1. 432816
-0.2827736E-83

XI R (XI) XI CONTD R(XI) CONTD
9.0090088 1.874637 695.4268 1.292224
8.181482 1.754464 783.64875 1. 292595
16. 36296 1.689349 711.7889 1.288956
24.54445 1.639438 719.97464 1. 287335
32.72593 1.599677 728.1519 1.285743
43,98741% 1.566929 736. 3334 1.284870
49.48889 1.539465 744.5149 1.282437
57.27837 1.516344 752.6964 1. 280843
65.45186 1.49668¢8 768.8778 1.279153
73.63334 1.488815 769.8593 1. 277532
81.81482 1.465732 777.2408 1.275895
89.99639 1.453514 785. 4223 1. 274259
98, 17778 T.443019 793.6438 1.272622
186.3593 1.433951 831.7852 1. 276985
114.5487 1.426154 869.9667 1.2693u47
122.7222 1.419331 818, 1482 1. 267788
130.9637 1.413496 826.3297 1.266111
139.8852 1.468357 834.5112 1. 264468
147.2667 1.493872 842.6927 1.262825
155.4482 1.39992¢ 858.8741 1.261183
163.6296 1.396423 859.8556 1.259543
171.8111 1.393339 867.2371 1. 257897
179.9926 1.398528 875.4186 1.256255
188.1741 1.388815 883.64041 1. 254612
196.3556 1.385737 891.7815 1.252978
284.5371 1.383639 899.9634 1. 251327
212.7185 1.361788 988. 1445 1.249684
2208.90090 1.379988 916. 3268 1. 248842
229.4815 1.378214 924.5875 1.246399
237.26398 1.376635 932.6899 1. 244756
245, 4445 1.375066 944.8704 1.243114
253.6259 1.373583 949.48519 1.24147
261.8874 1.372144 957.2334 1.239829
269.9889 1.379738 965. 4149 1. 238186
278.17¢4 1.369356 973.5964 1.236543
286.3519 1.3679989 981.7778 1. 234981
294.5334 1.366636 989.9593 1.233258
3p2.7148 1.365238 998. 1498 1. 231615
312.8963 1.363%43 1086.322 1.229973
FIG. C.3. OUTPUT DATA FILE ITM2.
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<BPISHER>ITH2 L. DAT;7

1399. 855

AND SIGMA SQRD =

Thu 13-Apr-78 3:33PM

K CONTD
0a2537421E-91
6.2542377E-:N1
9.2547333E-91
8.2552289E-01
Be2557244E-01
#.25622080E-91
B. 2567156 E-01
8.2572112E-01
8.25770668E-41
B.25820824E-81
P.2586988E~-01
¥.2591936E~91
8. 2596892E-01
b.2601848E-81
é.2686803E-01
$.2611759-9
#.2616715E-01
8.2621671E- 01
9.2626627E-01
9.2631583E-01
#.2636539E-91
B.2641495E-1
8.2646451E-01
B.26514R7E~01
8.2656362E-81
0.2661318E~01
P.2666274E-31
9.2671238E-41
J.2676186E~91
B.2681142E-M
#.2686098E-91
9.2691354E-91
.26960 10E-01
3.2788966E-01
#.2785921E-81
8.2714877E- 081
8.2715833E-01
8.2728789E-81
Ba 27257TU4SE-0 1
8.2730791E~-MN
8.2735657E-21

DATA FILE CREATED BY PROGRAM FINAL
WITH M = 1 AMND LENGTH =
OUTPUT FOR PART 9.L

WITH L = 61.19212

K L*SIGMA SQBRD*PHIK

0.0090d60 27.84512
@. 495590 0E<P4 27, 85972
9.99118P0E<04 27. 18322
#. 1486778E<03 27.1746 8
#.1982360E<93 27.27259
8. 2477950E-43 27.39492
#.29735408E-03 27.53912
9.3469134E-03 27, 78224
B.3964720E-03 27.88132
#.4460316E-063 28.087196
9.49559008E-03 28.27141
g.5451498E-d3 28. 47563
8.5947080E-923 28,6887 3
B.6442670E-03 28.88372
#.6938260E-03 29.68057
8. 7433858 E<93 29. 26826
Ge 792944 BE-D3 29, 44337
8. 84258309E-03 29. 60477
9.8920628E-83 29.74855
9.%416210E-93 29. 87358
©.99118090E-33 29.9773 4
8. 1648739E-82 38. 86047
#.1090298E-02 30. 12826
@.1139857E~@2 34. 156789
8. 1189416E-02 38.16946
B#.1238975E~982 34. 15851
0.1288534E-02 30. 12433
0. 1338093E-02 34. 86643
P.1387652E-02 29.98631
g. 1437211E~-82 29, 8844
9.1486770E-82 29.76 152
#.1536329E-¥2 29.61898
#.1585888E-92 29.45732
9. 1635447E-02 29.27881
#.16858086E-02 29.48211
B.1734565E-02 28.87081
g. 1784124E<02 28.64530
9. 1833683E-92 28, 40675
d. 1883242E~-02 28. 15633
P.1932881E-82 27.89519
0.1982360E-082 27.62442
0.2031919E-082 27.34508

FIG.

C.4.

8.2748613E-01

OUTPUT DATA FILE ITM2L.

AUTOCOR.

PAGE

P.44262162495808745D+48

OF FILE VERT2

L*SIGHNA SQRD*PHIK CONID

£.9893473
£.9861678
B.98380u46
8.9798576
8.9767265
8.9736113
£.9705128
£.9674285
B.9643604
8.9613877
£.9582787
£.9552487
£.9522419
2.94925483
£.9462735
2.94331156
B.9483645
2.9374319
£.9345141
£.9315145
£.9287214
8.9258455
£.9229858
8.9201392
8.9173066
2.91u44877
£.9116827
£.9088914
£.9061136
£.90833495
€.9005986
8.8978612
9.8951369
B.892u262
6. 8897289
£.8878430
8.8843709
£.8817116
0.8792650
8.8764312
8.87384897
B.8712948
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APPENDIX D

POWER SPECTRAL DENSITY OF THE INSTANTANEOUS VARIANCE oi(t)

2The estimation procedure for calculating the power spectrum
of gp is discussed in Sec.,6.2 of Ref. 5. There are two main
programs used to compute op~ATURBL4.F4 and ITEM3.F4. The first
program, ATURBU, computes the two sided power spectrum of high
pass filtered atmospheric turbulence data, wh(t). The unsmoothed
power spectral density, @z(k), and its autocorrelation, Ry (g),
'h

of the high pass filtered data are all computed by this one
program. From the square of the high pass filtered samples, W2,
the sample spectrum and autocorrelation function, R 2(£) are
formed by a slight variation of ATURB4 called ATURLA.FY.

The second program, ITEM3, computes the autocorrelation
function, qu(T), Eq. 6.40, Ref. 5, and the two sided smoothed
b

spectrum of G%(X):

R z(E)-[sz(O)]z-E[RW (g)]?
h

M Yn h
052 (k) = (BLo21H6(2) + [ b, () : 2
; . [, (0)1% +2 [R, (©)]
. o-l2mkEg,

where p, (§) = L |sin %%l + (l - l%i) cos %% [g] <M

This equation is similar to Egq. 6.49, Ref. 5 except the Papoulis
window, po(g), has been added to smooth the power spectrum.

Program Outlines and Usage
Program ATURB4: Computes the two sided power spectra and
autocorrelation function of high pass filtered turbulence samples.

(ATURYA parallels ATURBY except it operates on the square of high
pass filtered turbulence samples).
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a. Subroutines

1. CFFT and CFFT1 — fast Fourler transform routines
for ATURBY4 and ATURLA respectively
ii SIMP — integratlon by Simpsocon's rule

i1i1. HPDES — digital high pass filter (routine C-2 of
Appendix C of Ref. 6)

b. Inputs

1. through v are the same as Sec. B.l1l.1b 1 to v

vi. input the cut-off frequency k,(FC) for the filter
routine; sampling interval (TS) in seconds; and
number of fillter sectlons (NS), see Ref.

vii. yes (Y) or no (N) to performing integration check
as per B.1l.1lb vi

¢. Outputs

i. data files PHILK and FPSD2 contain positive fre-
quency domain (k) values of the power spectrum of
the high pass filtered data and the high pass
filtered squared samples respectively

ii. data files AUTO and AUTF2 contain the autocorrela-
tion functlions of the filtered and filtered sguared
data

d. Example

The teletype printout involved with program ATURB4 is shown
in Fig. D.1. ATUR4A would involve an identical interaction (except
CFFT1 would be loaded instead of CFFT with the main program).
Figures D.2 through D.5 show examples of outputs of ATURB4 — PHILK
and AUTO; and ATUR4A — FPSD2 and AUTF2.

Program ITEM3.F4: Computes the spectrum @Oz(k) and auto-
correlation function Roz(g). f
ki

a. Subroutines

i. CFFT1 — fast Fourler transform program
b. Inputs
1. step size of £ (DELX)
ii. program automatically reads data from files AUTO
and AUTF2 containing R and R »
Yh Wh
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| LOARDER U~C
I-.C

SLOADER
*ATURB4s CFFTs SIMPs HPDESS

ATURB4 59K CORE> 752 WORDE FREE
LOARDER USED 7P2+5K CORE

EXIT.

ﬁ.C

P3AVE (CORE FROM> 20 (T0O>» 777777 DMy ATURB4.ZRAYZ2 [New vErRsiON]
3T

INPUT SPEED OF CRAFT <({M-3EC)
197.05

INPUT TDTAL HO. OF POINTS TO BE USED INM 2L M. OF DATAH
AND POWER OF TWO OF THRT NO.

32768

P

IMPUT NO. OF POINTS OF W{X> TO EBE REARD
AND SAMPLING RATE OF DATA 15000..05

INPUT VALUE OF MPTS
AND POWER OF TWO OF THAT NO.
1024

10

IMPUT DATA FILE NAME THAT COMTRINE EARMPLES
OF W<X> AND NO. POINTS MXRAY

YERTZ2

15000

INFUT CUT-OFF FRERsSAMPLING INTERVALsMO. DF FILTER SECTIONSS.911SE-01,.0
+95, 2
‘PERFORM INTEGRATION CHECK <Y OR M) X

INTEGRAL OF PHI OF L <K» = 0.2211E+00

CPU TIME: 6:50.24 ELAPSED TIME: 13:19,.00
NO EXECUTION ERRORS DETECTED

EXIT.

~C

FIG. D.1. TELETYPE PRINTOUT FOR RUNNING ATURBA.
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§ CRFISHERDPHILK,DATI1  Thu laeDece?7 9158AM PAGE 1

DATA FILE CREATED BY PROGRAM ATURB4

HIGH PASS FILTERED DATA ,
CUT#OFF FREQ » 0.5911500 (K 8 ©0.3000000E-02)

POWER SPECTRUM OF PHI OF L(K)
DATA TAKEN FROM FILE VERT2

32768 DATA POINTH WERE USED IN 2L = 322846,7190 METER
1824 DATA POINTS WERE USED IN M o 19089,96A3 METER

17768 2EROS WERE ADDED TO DATA
MEAN VALUE OF w(X) ® «8,74214E0% M/SEC
MEAN 80, VALUE u $,22110E+00 (M/SEC)#u2

<W OF L(X)#a2> @ 32,2210

PRINTOUT OF THE VALUES OF THE pOWER SPECTRUM
K

P& VALUE K CONTD PS VALUE CONTD
8,020000 8,1149Fe1) 8,025374 9,8273E4+00
2.00000) 0,1048E=04 0,025377 8,1553E400
0,000006 2,9635Fe05 0,025380 7,9468E01
2,000009 0,¥124Le0S @,025384 0,4748E001
0,000012 2,942)E08 2,025387 #,1841F01
0,000019 8,7117C08 2,025399 P,1567E400
2,000019 0,9116F05 2,02539) 2,5045E400
2,000022 @,7376E-08 0.025196 2,9412E400
2,30002% @.,0759E=08 2,025399 9,8532E400
0,000028 2,9711E08 9,025402 8,4245E400
2,0080031 A,8414E08 9,02540% 2,1036E+01
2,000034 3,0044K008 2.025409 @,1135E401
2,000037 9,8110E205 ".025411 8,3692E400
0,000040 0,0260E-0% 3,025418 9,7724E400
9,00004) 8,769520% 2,025418 #,6522E4+70
0,000046 0:8417E=08 2,025421 8,2323E+00
2,000050 9,7823F0% 9,025424 9,2026C=01
0,0000%3 0,0465L-0% #,025427 8,4337E400
2,000036 ?,7831F=0S 0,025430 8,8168E400
8,000059 0,8410E208 9,02543) 8,5790E+00
2,009062 P,7951E<08 2,0254386 @,1324E401
2,200065 0,8351E=05 7.025439 8,1206E+01
2.000068 2,00316E=05 0.025442 9,4376€400
2.000071 0,8143E08 0.025446 8,1843E+01

FIG. D.2. OUTPUT DATA FILE PHILK.



s <RFISHERD>DAUTO.DAT: 1 Thu 1-Dec-77 10:83ANM PAGE 1

DATA FILE CREATED BY PROGRAM ATURB4

AUTOCCORRELATION OF
HIGH PASS FILTERED NOW-HOMOGENEOUS SAMPLE
DATA TAKEN FROM FILE VERT2

322846,7199 METER
19988 .960¢ METER

32768 DATA POINTS WERE USRD IN 2L =
1224 DATA POINPS WERE USED IN M =

17768 7ZER0OS WERE ADDED TO DATA

-@.74214E-£5 M/SEC
F.22110E+80 (M/SEC)*%*2

MEAN VALUE OF W(X) =
MPAN SQ. VALUE =

<W OF L(X)*%*2> = 2.221¢

TRUCATION POINT WAS 13000.00 METERS

WHICH CONTAINS 1319 POINTS

94

PRINTOUT OF THE VATLUES OF THF AUTOCORRELATION

X RL RL/R@
0.40300a¢ g.221¢828 1.03¢000
9.85258¢ 7.1366631 £.6181535
19.70584 ?.7223829E-21 0.3267u467
29.55758 2.2718233F-01 0.1229589
39.u18042 -2.5175197E-82° -9.234084 1E-01
49,2625¢ -0.2545539E-01 -0.1151392
59.1150¢# -3.3989623E-01 -0.1804574
68.96759 -Z.u64u4818E-91 -3.219¢94¢
78.820049 ~-P2.4698692FR-01 -#.2125308
88.,5725¢ -2.4595287F-01 -2.2078536
98.5258¢ -P.u678660E-01 -90.2116248
148. 3775 -f.u@¢89270E-21 -0.1849657
118.23¢09 -?.3525967E-01 - -0.1594862
128.8825 -9.3852934E- £1 -9.1380921
137.935¢ -2.2747492%-91 -9.1242743
147.7875 -7.2831214Fp-01 -0.1999685
157. 6492 -#.21792228-20 -¢.98579318-21
167.4925 -9.17@89939F- a1 -P. 773434 1E- 91
177.3452 -0.1868496E-21 -P.48339012E-61
187. 1975 -#.,3274173E-02 -2.148¢971E-91
197.0850¢ A.1146689E-02 2.5186693E-02
206.9025 ?.68017922E-02 £.2722021E-01
216.755¢ F.94481¢6E~-02 g.4273559E-21
226.60875 #.1239¢262E-01 2.5624516E-21

FIG. D.3. OUTPUT DATA FILE AUTO.



: <RPISARR>FPSD2.DAT:1 Thu 1-Dec-77 12:14PH PAGE 1

DATA FILE CREATED BY PROGRAM ATURBY

HIGH PASS PILTERED DATA
CUT-0OFF PREQ = #.591153¢ (K = @.30¢0200E-02)

PILTERED VERSION SQUARED BEFORE TRANSFORMING
PONER SPECTRUM DOF PHI OF L (K)
DATA TAKEN FROM FPILE VERT2

322846.7198 METER
19088 .9680 METER

32768 DATA POINTS WERE USED IN 2L =
1924 DATA POINTS WERP USED IN M =

17768 ZEROS WERF ADDED TO DATA

-3.702148-¢5 M/SEC
P.22112E+€9 (M/SEC) **2

MEAN VALUE OF W(X) =
MEAN SD. VALDE =

<W OF L (X)**x2> = 7.4627

PRTNTOUOT OF THE VALUES OF THE POWER SPECTRUM

K PS VALOE K CONTD PS VALUE CONTD
.000028 3.T7224E+g4 2.025374 £.2112E+021
?.002003 3.3957E+04 7.025377 2.3822E+81
0.000006 @.6U59E+23 #,.025380 ?.2336E+81
p.002039 3. 1359F+04 #.925384 #.2389E+01
g.283%312 7.14838R+24 2.025387 ?.SU12E+B
f.860Q15 2.5920E+23 2.225399 #.3918E+21
2.069a19 2.37318+423 #.025393 @.7773E+04
3.008222 3.13818+03 ?.025396 #.23308+21
0.0000225 2.7375€+22 2.025399 #.3844E+01
0.008028 3.3612%+03 2.025u402 0.2807E+01
2.993231 2.5751E+23 7.@325405 P.2275E+31
P.0603234 J3.3753R+03 2.08254u48 #.1228E+81
2.000037 9.2580E+22 2.825411 2.1186E+20
¢.000040 2.2U865R+73. J.@25415 2.1594 B+
g.000043 3.4334E+73 2.0825418 0.2782E+81
2.022¢2u6 2.1599E+£3 #.025421 P.1292E+81
#.000050 @.2256E+313 2.025424 P.T7TA4BE+E]
?.0008053 7.3186F+23 7.025427 7.3248E+21
g.003a56 7.1056E+23 .025430 J.4490E+A1
2.000259 3.28618E+02 2.0925433 @.1749E+31
2.200262 3.2717E+22 #.025436 Z.4573E+20
#.008265 3.6028E492 2.825439 F.3822E+81
d.00272068 2.12588+23 g.0254842 2.7261E+81

D.4. OUTPUT DATA FILE FPSD2.



s CPPISHERDAUTF2.DAT:1  Thu 1-Dec-77 12:20PH PAGE 1

DATA FILE CREATED BY PROGRAM ATIHRBA

AUTDCORRELATION OF
HIGH PASS FILTERED AND SQUARED NON-HOMOGENEOUS SAMPLE
DATA TAKEN FROM PILE VERT2

322846.7190 NETER
19988 .9602 METER

32768 DATA POINTS WERE USED IN 2L =
1724 DATA POINTS WERE JUSEDP IN M =

17768 ZERDOS WFRE ADDED TO DATA

-#.74214E-C5 M/SEC
2,22110E+0@ (M/SEC) **x2

MEAN VALUE OF #(X) =
MEAN SQ. VALUE =

<W OF L(X)**2> = g.u4627
TRUOCATION POINT WAS 130¢70.0¢ METERS
WHICH CONTAINS 1319 POINTS

PRINTOTT OF THF VALUES OF THE AUTOCORRELATION

FIG. D.5.

X RL RL/R?
d.ooaapp2 2.4629917 1.23¢000
9.85250¢ #.2634734 7.5698€72
19.7a5072 7.165u4293 7.3573851
29.5575¢# #.1367236 7.2952614
39,4107 g.1272111 #.2747599
49,.26252 2.1450926 £.3133805
59.115¢¢ A.1577147 #.3u06427
63.9675¢ 2.1554650 7.3379u34
78.820¢0 A.14603333 #.3154231
88.57252 #.1341455 3.2897362
98.525¢¢ #.1194356 #.2579648
1¢3.3775 #.1148353 #.2u80288
118.2323 7.1207423 #.2697872
128.0825 7.11430826 P.2068782
137.9354 £.1129238 2.2439083
117.7875 Z.112947¢ #.2u395%03
157.68¢2 #.1232595 2.2662241
167.4925 #.1278594 #.2761592
177.3u459 ?.1114554 #.2487286
187.1975 . 1117146 7.2412886
197.925da@ #.1127996 0.2436319
286.9£25 2.1265844 9.23062979
216.755¢ #.112387¢ 2.2427487
226.6075 £.1149912 #.24883651

OUTPUT DATA FILE AUTF2.



1ii. 1input ¢% (SIGF) and L determined in Sec. C.1.3
iv. number of points 1n Fouriler transform (MPTS) and
power of two of that number (MPWRM)

¢. Outputs

1. data file RSIGF containing values of Rcz(g)
f
ii. data file PHIP containing the smoothed power
spectrum values of @Oz(k).
iy

d. Example

An example of the input through the teletype is given in
Fig. D.6 while Figs. D.7 and D.8 show one page from each of the
data files RSIGF and PHIF,
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FIG. D.6.

98

LORDER
+]ITEM3:CFFT1%

ITEM3 11K CORE> 352 WORDE FREE
LLOARDER USED 14+5K CORE

EXIT.
~C

PET

INPFUT DELX

3.8525

RUHMAOFF> = 0.283010SE-02
FuWHz (MROFF> = 0.4643580E-01
INPUT =IGMA SGRDs L

«A50S 55,39

INPUT M AND POWER OF 2
1024-10

CPU TIME: 52.13 ELAPSED TIME: 1:53.21
HO EXECUTION ERRORS DETECTED

EXIT.

TELETYPE OUTPUT FOR RUNNING ITEM3.



FIG. D.7.

<RFISHERDRSIGF,DAT}3

Thu feDece=77 4138pM

DATA FILE CREATED BY PROGRAM ITEM)

FOR SIGMA SQUARED s

xI
2,0000000
9 852800
19 70300
zo,ssvso
39,41000
49,262%90
89,11500
68,96750
70,82000
88,67250
98,52500
108,3778
118,2300
128,0828%
137,91%0
147,787S
157,6400
167,4925%
177,.3450
187,197%
197,.0%00
206,902S
216,7%8%¢
226,60675
236,4600
246,312%
2%6,16%0
266,017%
275.8%700
285,722%
295,5750
3108 ,4278
18,2800
32%,1328
334,9880
344,0378
384,6900
364,5428%
374,39%0
384,2478
394,1000
403,9528
411,8as80
423,6%78
433,%100
443,3628

RSIGF

2,46

0;6791419
0,649061)
9,5924702
?,3766969
9,5522717
o 6143047
9,6435365
0,6248567
o 5021151
a »336648)

ol 4764114
0,4671271
of »4993594

.ivsszsa

, 4768772

4192919
a .5254913
0,5491249
A ,4821481
o’ »4853142
o) 24992162
9,4625451
0,4366719

» 4966468
0 »5135362
0! 5233681
8,5119246
9,4612299
9,442126)
9,4579004
©,4891256
©,5169329
0,5298064
@,5117880
z 555338%
0 23224204

4742931
e 4404167

0,45700%7

4004479
0,5304711
#,5555876
o » 5482229
a,4959692
2,430526)3
914043591

099006 AND

OUTPUT DATA FILE RSIGF.

Al =

PAGE 1§

65,8900
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FIG. D.8.

100

CRFISHER>PHIF DATy3

DATA FILE CREATED BY PROGRAM ITEM)

.Thu {eDeee7? 43130PM

SMOOTHED POWER SPECTRUM PHI OF SIGMA SQRD F(K)

1024 DATA POINTS WERE USED IN M =

RWH(®) =

9,2210028

PRINTOUT OF VALUEg OF THE SMOOTHED POWER SpECTRUM

2,000000
2.8000%0
8,A00099
0.000149
@,200198
0.000248
0,000297
2,000347
0.802396
2,0P0446
0.000496
0,00054S
?.000898
0,000644
2,000694
8.000743
2.,000793
0,80084)
0.000892
2,002942
0,90@991
2.001041
0,001090
2,001140
9,001189
#.001239
2,001289
2.001338

2,001388
o t001437
3,001487
2,021536
9,001886
8,001638
2.001685%
2.001738
2,001784
2,001834
2.001883

SP8 VALUE

P.,1388p+24
0.,1007E+04
0:4127E+0)
P,1004F+03
P.1740E+03
0:1394E+0)
B.2768F4+02
2,3885E4+02
?,3664E+02
#.,2377E+02
G.4061Fe¢n2
0,6361E+02
0,6199F+02
0.3725E+02
B,7100FE+02
#.7442E402
P.3$749E+02
?.,3533E¢+02
0,7045E402
2,6358r402
0,80858F4+02
e@,1601F¢0Y
o0,9461Fe0
o@3,6385E+01
e2,3436E+01
«2,71733K+01
od,9091E+01
*3,6)03E+01
#,3264E+01
A,8319E+01
2,8763F+01
0,9509E+01
0,7367E401
0,0612E+00
e0,1582E+01
2,2060E+01
0,1579E+02
0,1%587E+02

K CONTD

9,025374
0,025424

0,025473
a.azssza
0,025573
0,025622
0,025672
0,025721
0.025771
0,025028
0.029070

0,823919
o 1925969
0,026019
8,026068
0.026118
0.026167
2.026217
0,026266
0,026316
0.026365
0,0264183
0,026465
?.026514
2,026564
0.026613
7.72666)
0,026712
0;026762
2,026811
0,026861
a 826911

8,026960
¢,027010
0,027059
8,027109
m,azviss

0,027208
0.p27258

OUTPUT DATA FILE PHIF.

8PS VALUE

B,1005E+01
9,3967E4+00
-G 13072001
*0,3033E+01
@, 725!!#00
5.322550ﬂ1
2,3959E401
ﬂ.l‘ﬂ!!?@l
0,1112E401
2,37181E4+01
2,3992E+01
#,1706E+01
0,6458C+00
o0, ,1682E4+00
=3,1048F4+01
0,3609E400
P,1975E+0¢
0.2240E401
2,2506E4+01
2,1789E,401%
2,8118E400
0,1144E+01
0,1232E401
0,8538E400
e?,5081E400
?, 2148E401
-0 2239E¢Gi
UG 15°ﬁ5§91
90.14195*91
e0,1143E401
v@,1863E401
09 42315091
-3, 4662!091
»3,1028E401
5.4374!-02
.9 25955#90
2,1573E400
0.1623!001
0.,1666F+01

PAGE 1

1p0BB, 9600 rr,

CONTD



APPENDIX E

PROBABILITY DENSITY ESTIMATION OF THE INSTANTANEOUS VARIANCE c%(t)
AND THE "SLOW" TURBULENCE COMPONENT ws(t)

The methods used to develop the probabllity density function
of o%(t) and Ws(t) are given in Sec. 6.3 and 6.4 of Ref. 5.
Three programs are necessary to carry out the computations —
MOMENT.Fl4, ITEM.F4, and GDIST6.F4. MOMENT calculates the moments
of o% as per Eq. 6.71, Ref. 5. GDIST computes the probability
density function of 0% as described in Ref. 5 — BBN Report 3476,

5> M > Eq. 6.87,
S
Ref. 5 and the probabilility density function PW , Eq. 6.93, Ref. 5.

)

pages 88-91. ITEMY4 calculates the moments of w

Program Outlines and Usage

Program MOMENT.F4: Computes first 8 moments of c%; M

0,2:
Eq. 6.71, Ref. 5. f
a. Subroutines
i. BIN — tabulates the number of samples in a
particular bin
ii. BINSQ — counts the number of filtered squared

samples in a certain bin
i11. HPDES — high pass digital filter routine from

Ref. 6
b. Inputs
i. number of data points to be used (NPTS)
ii. name to be used for output data file [FLE, A5
format ]

iii. bin width (BINW)
iv. number of bins (NBIN)

v. cut-off frequency kg (FC); sampling interval
(TS), and number of filter section (NS)
vi. bln width and number of bins for fliltered data

(BINW and NBIN)

vii. bin wildth and number of bins for filtered squared
data (BINW1l and NBIN1)

viii. input 0% (computed in Sec. C.1.3)

¢. Outputs (at TTY)

i. moments of w(t); mn n =1 to 8
ii. moments of w,; MR W n=1to 8
h Wy,
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iii. moments of-wﬁ; M- n=1t%o 8
Wh

iv. moments of 0%; Mgz n=1t%o 8§
f

d. Example

Figure E.1 contains an example of the teletype inputs and
outputs.

Program GDIST6.F4: Computes the probability density distri-

bution P _»
Ip

a. Subroutine

i. GAM — computes the gamma function T
b. Inputs
1. moments of o%; Mo%

c. Outputs (at the TTY)

i.

Yy — Eq. 6.75, Ref. 5
ii. PG

» — the probability density function of o%
.

d. Example

Figure E.2 contains a partial listing of the terminal print-
out for program GDIST6.

Program ITEM4.F4: Calculates the probability density
function of M%(t):IPW

s
a. Subroutine
1. FAC1 — factorial routine
b. Inputs
1. moments of Wy and w; M?  and Mz, n=1~t%o 8
1.  of
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%,nn,um.m

NOMENT 20K CORE,
LBADER USED 23¢3K

EXIT.

-C

[ 1]

INPUT NO. OF DATA
INPUT DATA RECORD

N VINTE

344 ¥OIDS FREE
CORE

POINTE1S000
WAME VERT2

et
Mh. OF BINS 1DTAL
1214

pUTTS

TOTAL M. OF POIN
NOAENTS OF WcX)
K= 1 ALPHN =

A= 2 ALPNU o
e 3 ALPHH »
K= 4 ALPNW =
= 5 ALPHU ¢
Ke® & ALPHY =
Ks 7 ALPHY =
K= 8 ALPNU =

INPUT CUT-OFF FRE
$.9113%-01,.05,2

».
WEMENTE OF FILTER

IFPUT BIN UIITE

75 USED FOR 1ST Pass =15000.00

0.46624677E-0%
1.811400

0.2195678
10.63055
$.433047
1169913
142.7640

1994,042
0,84NPLING INTERVAL,N0. OF FILTER SICTIONS

N§. SF BlAS TOTAL

Q14

1900

TOTAL M. OF POINTS USED FOR 15T PASS =15000,00
ke ALPHUN = ~0,242643%9E-04
Ko 2 ALPHUH = 0.2211038

K= 3 ALPHUN = 0.0224017€-02
Rs 4 ALPHUA » $.462732¢

K= 5 ALPNUR = 0.1394177

K= & ALPHIH =  2.471740
Ke 7 ALPNIM = 2,300871

K= 9 ALPHEH » 25.74710
CONPUTE NONENTTS FOR Vel

IAPUT BIN UIDTH

#O. OF DINS

20321
7%

TOTAL WO. OF POIR

TS USED FOR 16T PASE =13008.08

ALPHN2 = 9.2261719
ALPHN2 = 0.4610938
ALPHE2 = 2,67¢421
ALPNL2 = 25.8384¢
ALPHU2 = 310.4400
ALPHU2 =  4431.121
ALPNU2 = 45837.35
ALPHE2 = 181243,

CONPUTE NONENTS OF SISMA BOND F

F 4409

= 1 ALSIO = 0.4600000

Nz 2 ALBIG = 0.44092)3

w= 3

e 4

= S

[ L]

Ne 7 71.43787

CPe TINEr 1322.33

1411700

ELAPSED TIBEs 9:159.24

H0 EXECUTION ERRORS DETECTED

(2 10

FIG. E.1.
MOMENT .

TELETYPE PRINTOUT OF INPUTS AND OUTPUTS OF PROGRAM
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FIG.

104

Fan
*GAM=GAM
GAM ERRORS DETECTED: 0

9K CORE USED
» e C

JLORDER »
+GDIETS GAME

GDIZTE 3K CORE. 197 WORDE FREE
LOADER USED 6+5SK CORE

EXIT.
“
=T

INPUT ALPHF =

FerEM

L4509

L B40275

1.509566

4.24552

11.894454

20.51175

SAMMA 0.4357514

* F1PREM

0.07 2. 5622587 2.568655
0.13 1.730845 1.729292
g.20 1.316895 1.340347
g.25% 1.062073 1.098245
.32 0.3864120 0. 9266947
0.39 0.7543590 0.7357138
0.486 B.55105620 0.6911143
D.52 0.5676976 0.6050170
0.52 0.4938322 0.5326439
.65 g.4411022 0.470288321
3.7e 0. 32194325 0.4175922
0.72 0.3496791 0.3712275
n.35s 0.3130320 0.3306351
0.9 0.2810325 0.2949255
0.93 0.2529%274 0.2633948
1.095 n.zeglel4 0.2354738
1.11 f0.2061320 0.2106943
1.18 D. 1355708 0.1386646
1.24 D.1691139 0.156920534
1.21 N.1534%186 0.1515770
1.37 0.13924771 0.1359909
1.44 0.126277¢7 n.122082c
1.51 0.1155286 D. 1096651
E.2.

TELETYPE PRINTOUT FOR RUNNING GDISTSG.

F3PREM

2.3490324
1.753533
1.403937
1.177042
1. 002244
0. 8734558
0.7614079
0.6660199
0.53363238
0.5112475
0. 4429650
0. 3937150
0. 3450979
0.3022969
0. 26462582
0.2314955
0.20233%26
0. 1768647
0.1545104
0.1249719
0.1179288
0.1030944

0.2021136E-01

Fa4PRM
2.440631
1.795062
1.4830339
1.261538
1.089494

0.9457518
0.8221444
0.7143226
0.51973%%6
0.53656e24
0.45324521
0.3333006
0.34321546
0.2941690
0.2515816
0. 2146990
n.182a8383
n. 1355721
0. 1322240
0.1123657

0.95563V0E-01
0.28142707E-01
0.6960403E-01



¢. Outputs

i. data file PROB containing moments of W M,
W
s
and the probability density function PW .
S

d. Example
Figure E.3 1s an example of the teletype printout created by

program ITEMY4 and Fig. E.4 contains the first page of data file
PROB.
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ITEM4 3K CORE» 364 WORDE FREE
LOARDER USED &+5K CORE-

EXIT.
=T

INPUT ALPHWHs ALPHY <8 YALUES)
s 242660 9E~04s . 465267 FE-DS
22211058,1.8116
822401 7E-02y . 2195678
3627321063055

2 7 23057
257196116, 3335
2.380871-162. 7548

22753321994, 063

INPUT SIGMAR E0RD F . 4509

PROB DEMSITY FH.

CPU TIME: 1.87 ELAPSED TIME: 1:47.82
HO0 EXECUTION ERRORE DETECTED

EXIT.
P C

oLIST PROB.DHT:3
By

FIG. E.3. TELETYPE PRINTOUT FOR RUNNING ITEM4.
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DATA FTILE CREATED BY PROGRAM TTEM4
ATMOSPHERIC TURBULFENCE 'TASK, pHASE Y
FOR SIGMA SORD F =»

T

ELTZTZTXEZZ

T

E.4.

<RFISHER>PROB . DAT¢)

wWed 14-Dpce77 2:31pPM

0, 4609000

HE VALUES OF ALPHA OF WS AREl

s 1ALPHA WS = ©.3969B848E04
8 2ALPHA WS = 1.350700
s JALPHA WS = ©.1949838
s 4ALPHA WS = 4,884669
s SALPHA WS = 3,326249
= G6ALPHA W8 = 18,19409
® TALPHA W5 = 56,67557
s BALPHA WS 3 =344,2492
HE PROBABILITY DENSITY FN, TSt
. W8 P(WS)
7,0000000 ?,3294248
v0,47021B9E=0] 2,3320615
“P,9404378E=0) P,3302438%
»0,1410657 7,3299658
2,1884876 ?,3292255
«@3,2351794 ",3284209
-0,2821313 #,3263524
-0,3291532 #,3242229
o3,3761751 7,3216337
~0,4231970 1,3185931
-0,4702189 #.3151080
«0,5172408 ?.3111R880
-0,5642627 #,30RB443
=0,6112845 A,3720904
~0,6563064 ?,2969412
«3,7053283 ",2914138
-2,7%523502 ?,2855266
-3,7993721 ?.2792998
-0,8463940 #,2727550
~?,8934159 ?#,26591513
?,9404378 W,25RRNKA
-},9874%97 ?a2514498
w{, 234482 ?,2438750
vl , 081503 P.23610288
«1,128525 ",2281785%
w1 ,175547 #,a22p1123
v1,222569 #,2119386
w] 269591 A,2036R858
-1,316613 "e1953822
»1,363635 P,1870857
»1,410657 ?,17873490
«1,457679 M, 170044137
-1,504700 ?,1622108
i 551722 Fe15406072
OUTPUT DATA FILE PROSB.

PAGE 1
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APPENDIX F: COMPUTER PROGRAM LISTING
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Subroutine AK1
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SUBROUTINE AK(I,XP1,AKZ)

COMMON/AA/AK1(12@),aK2(1020)

IF (XP1,.GT.1@,.0R, Xp1,. LT 1) GO 10 1@
PI = 3,14189265 i

IXMID = IFIX(XP1/.1 + .5)

IF (I1,EQ,1) AKZ s AK)(IXMID)I#PI/2,

IF (T,EQ,2) AKZ = AK2(IXMID)#PI/2,

GO TO 139

IF (XP1,LT,,1) TYPE 4p,XPy
IF (XP1,GT.12,) TYPE 2@,XPt

FORMAT(® X GT 10,4, CANNOT COMPUTE, X =°,G)
FORMAT(® X LT @,1, CANNOT COMPUTE, X 2°,G)

RETURN

END
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Subroutine AK
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C <RPTSHER>AK.FU4; 10 1-Nov-77 11:55:59 EDIT BY RFISHER

NNanNnaanQanN

N0

N0

P NeRg]

SUBRPOOTINE BK (T,X?P1, AKZ)

COMPUTES MODIFIRD BFESSEL FNS OF FRACTIONAL ORDER 1/3
AND 2/3., TABLE NF K(1/3) AND K (2/3) FROFE MATH HANDBOOK
VALUES OF AK1 ARE FOR MODIFTIED BESSFL FRS: (2/PT)*K(1/3)
FOR VALIO®WS OF X FFROM .1 TO 5.1 IN .1 STEPS

VALUES NF AK2 ARE FOR MODIFIFD BESSEL PKS: (2/PI)*K(2/3)
FOR VALUES OF X AS ABOVE

TSES SUBROUTINE PARAB TO PIT 3 DATA PIS TC INTERPOLATE
BETHWEEN STEP OF , 1

COMMON/AA /AKT (51) ,AK2(51)

COMMON /BB/X(3) ,AKI(3),XPL

XPL = XP1

CHECK IF WITHIN RANGE OF .1 TO 5.1

IF (XPL.57.5..CR,XPL.1T..1) GO TO 12
IXPY = TFIX(1A.XXPT)

PI = 3.74159265

TYXMID = IRPIX(XYXPL/.1 + .5)

CHECK IF INTRRPOLATTON NECESSARY

TF ((18.%XP1) .BED.IXPT1.AND.T.EQ.1) AKZ

IF ((18.%YPY) .EQ.IXP1.A¥D.T.EQ.2) AKZ
IF ((19.%XP1) ,BO.IXP1) GO TO 30

AK1(TXMID) *PT/2.
AR2 (IXMID)*PI/2,

TXMID - 1
TXMIN + 1

IXLOW
IYHIG

CHECK LOWER BOUND OF ARRAY

TF {(IXMID.EDQ. 1) IXHIG = 3
IF (IYMID.FO.1) TXLOW = 1
IF (IXMID.¥®). 1) IXMID = 2

AKI (1) = AK2 (TXLOW)
AKT(2) AR 2( IXMTD)
B KT (3) AK? (IXHIG)
TF (I.B0.1) AKI(1)
TF (T.E0.1) AKT(2)
TP (I.E0.1) AKI(3)

AKT {IXTOW)
AK1 (IXMID)
AK1 (IXHIG)

Xt = 1*IXLOW
X(2) = .1*I¥YMID
Y(H = ,1*IXHIG

CALL PARAB(AKZ)
AKZ = AKZ*PT/2,
GO ™ 32
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2@
ug
38

T..1)y TYPE 4¢,%PL

CANNOT COMPOTE,
CANNOT COMPUTE,

TP (XPL.T.

TF (XPL.3T.5.) TYPE 2¢,XPL
FORMAT(' ¥ GT 5.4,
PORMAT(' X LT 8.1,

RETURN

END

X =*,G)

X

=',G6)



Subroutine AKDAT (for use with AK)

115



116

a O aacaqaan

AN AWN -

[ BT, 0N RARNY

USED BRY SUBROUTINE PK, ATMOSPHERIC TURBULENCE

VALUES OF AK1 ARE FOR MODIFIED BESSEL FNS: (2/PI)*K(1/3)
FOR VALUES OF X FROM .1 TQ 5.1 IN .1 STEPS

VALUES OF AXK2 ARE FOR MODIFIED BESSEL FNS: ‘(2/PI)*K(2/3)
FOR VALUES AS ABOVE

ELOCK DATA

COMMON/RA/A¥1(S1),AX2(51)

DATA AK1/1.8B461,1.26£1,.9607,.7676,.6296,.5253,.4434,
«3776,.3238,.27911,.24167,.218¢1,.18306,.162,.14816,.123062,
-~18R818,.99527,.38482,.87419,.£6559,.258¢5,.985142,.84559,
-P4045,.43592,.083192,.02838,.725249,.822476,.926018,.217838,
«#15962,.014183,.012654,.£811295,.210085,.22968¢28,.008245,
«¥87194,.006432,.8085752,.925145,.08p04604,.804128,.083688,
«#53303,.0¢29578,.09226495,.6£23739,.3021273/

DATA AK2/3.626,1.7837,1.2716,.9681,.7678,.6257,.5187,.4354,
«3688,.3148,.27024,.23312,.20191,.17547,.15294,.13364,.11704,
.12270,.£9627,.%#7947,.870027,.86185,.05466,.R44835,.£4282,.83795,
«#3366,.629677,.62654,.623591,.02¢982,.¢18672,.016625,.01481,
«?132,.71177,.0619499,.2089369,.2¢8362,.607468,.006671,.825961,
+C25329,.004764,.¢04261,.923812,.0803411,.8083853,.06027332,
«B3R224474,.0822192/

EXND



Subroutine AKDAT (for use with AK1l)
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<RFISHER»AKDAT, F432 lwNoveT? 10533130 EDIT BY RPISHER
BLOCK DATA

c.

¢ | .

c USED BY SURROUTINE AK, ATMOSPHERIC TURBULENCE

¢ VALUES OF AK{ ARE FOR MODIFIED BESSEL FNS3 (2/pPI)xK(1/3)
¢ FOR VALUES OF X FROM ,1 TO 14,8 IN ,1 STEPS

¢ VALUES OF KK2 ARE FOR MODIFIED BESSEL FNS3 (2/P1)#K(2/3)
¢ FOR VALUES OF X AS ABOVE

c

c

¢

COMMON/AA/AK1(109),AK2(100)

DATA AK1/1,8461,1,26041,.9607,,7676,,6296,,5253,,4434,
’37760.323.‘.279110.24167p.2;@@1‘.18396'.1@@,.142;6,.12352’
.10818,,09%27,,08402,,07419, ,06559, ,0580%5, ,n5142,,045%9,
PB4945,.ﬂ3!92,.¢?192..Q2§38..E25?49,.Q22ﬁ75..GZG?IG,.G1783E.
»215992, ,014183,,012654,,011295,,01008%,,009008, ,008049,
,607194.,066432,.695752,.ﬂ?5145..9@46@4..0@4}26,.6936&8;
,@G33@3..0029578..@@26495..QQ23739..0@21273,,0@19067..0017093.
.0015325,,0013743,,0012326,,4011057,,000992, ,0808921,
,6697988n.Gﬂﬂ7169p,¢ﬂﬂ6469-.ﬁﬂ@5778p,@0651830.96946590
»2704184,,0003758,.79013375, 00023032, ,00027245, 00024481,
’Qﬂ9220.ﬂ9919772t.@0917779a.@@?159741.5@?14360.599?2910
,GGGI!&@B;,G@GIZ43Q,.@9%09386,.84413-04,.7592Egﬁ4,.6828E-04,
,61415'40.55255-4..5971En4..4572E-4,.4942E-4..3621E-4,
3258E-4..?93225-4..26389E-4..?3751E-4..21377E-4..19242E-4o

,
e17321Ewd4, ,15593Fed, ,14038E«4, ,12639E»4, ,11379E=4/

MO > OO~DAR D WN -

DATA AK2/3.026,1,7837,1,27})6,,9681,,7678,,62%7,,5187,,43%4,
..3688. .3143; .27@240 .?3312. -2@1910_-_175470 n15294l|’:3364l11170‘0
»1027,.090237,,87947, .07007,.26188,.05466,.04835, .24282,,03798,
,03366,,029877,,02654,,023591,,020982,,018672,.01662%,,01481,
20132,.01177,,910499, ,009369,.008362,,007468, ,006671, ,005961,
L005329, ,004764,,004261,.003812,,003411,,003053,,0027332,
»0224474,,0602192,,0019637, ,0017594, ,0015767, ,0014132,
.2012669,,001136,,%010187,.,0009137, ,A098196, ,00073%4, ,0006599,
»0005922,,0005318, ,0004771, .A004283, ,0003846, ,0003454,
»0703102, ,9002786, ,p0025026, ,00022483, ,000202,,00010151,
200916312, ,0081466, ,00013176,.00011844,,00010647,,00009572,
»B8607E=4,,1739E=4, ,6959Ee4, ,6259Ew4, ,5629Ew4, ,S063Ewd, ,4554Ewd,
p4097E=4, ,1686E«4,.3316F w4, ,2983TE=4, ,26847Ew4, ,24159E=4,
,21741E'4'.1956668‘40.1761E'4:.158513'41.14268E-40n12843t.4'
.11562E=4/

OO B~IONRDWN -

END
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Subroutine ANRP1
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(o INTERPOLATTON ROUTINE
o _
SUBROUTINE ANTRP(JMAX,AKNWN,AKJ,NDX,AL,ALINT)
c.
DIMENSION AKJ(O/11),AL(O/11)
C
TIF (NDX,EQ.LJMAX) GO TO i@
o
ALINT = (AL(NDX+1)*(Axuwy.AKJ(NDx))-AL(NDX)&(AKNWN-AKJ(NDX+1)JZ
1 JCAKI(NDX+1)y=AKJI(NDX))
GO TO 20
10 TYPE 8,JS16 ,
5 FORMAT(? JSIG = JMAY, INTERPOLATION OUT OF RANGE?)
20 RETURN
e
END
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Program ATUR4A

121



< PROGRAY ATURBL, ATMOSPHERIZ TURBULENCE TASK
C ITEM 3, PARTS 1,1.A, PHASE II OF ATMOSPHERIC TURBULENCE
c MEAN VALUE SUBTRACTED FROM DATA BEFORE COMPUTING SPECTROM
c SPECTRUY CALCOLATIONS (AS IN PHASE 1)
C
c RRQUTIRES SUBEDOTINES:
C CFFTf: TO PERFORM FFT
C 3TMP: TD INTEGRATE BY SIMPSIONS RULE
C HPDES: HIGH PASS FILTER
C
c READS NASA DATA STORED IN DATA FILE TO BE NAMED
c PRODUCES DATA FILFES:
C PHILK: VALUES OF PSD PHT OF LK)
c AUIT™Y: AUTOCORRELATION OF PSD
o
COMMON/S3 /¥ (X /765537)
COMMON/CC/A {3),8(3),C(3),GR(2,18),F(4,3)
c
C INPUT INITTAL PAYAMETERS
c
TYPE 822
3/3] FORMAT(/1X,'INPUT SPFED OF CRAFT (M/SECY!, /%)
ACCEDT 821,9Y
341 FORMAT ()
TY¢PF AX2
8¢2 FYRMAT(/1X,'TINPUT TOTAL NO. OF POINTS TO BE USED IN 2L M. ',
1 * OF DATA',/1¥X,'3ND POWER OF TWO OF THAT NO,.',/®)
ACCEPT 87Z2,¥PTS
ACCEPT™ 323 MDUWRN
293 FORMAT(IA)
TYOR T(D
ACCEPT 825,92PTS, SRATE
825 FORMAT(273)
702 FORMAT(/1Y,*TNPUT NC. OF POINTS OF W(X) TO BE READ',/1X,
1 YAND SAMPLTINT RATF OF DATA ', %)
TYPFE Q34
BeL FORMAT (/1X,'TNPOT VALJE OF MPTS?,

1 /,t AND POWFRR OF TWC OF THAT NO.',/%)
ACCFDT 333 ,M0TS
ACCFPT 823,MPWRM

(]

MIERD = VYPTS~NOPTS
NLAST = NPTS~1
TIMF SRATTENPTS

TANL = VATIYE
pPTS = FLOAT(NPTS)
DELXY = TWOL/PTS
FTM = MZERO*DELY
FTDAT = THOL-FTM
DELK 1,/7%90L
FTM YPTS*DELX

W

122



READ TN THE DATA W(X) AND CONVERT TO M/SEC

QN

TYPE 805
826 FORMAT (/1X,'TNPUT DATA FILE NAME THAT CONTAINS SAMPLES?,
1 /1X,'OF W(X) AND NO. POINTS NXRAY',/$)
ACCEP™ 837,FLE
ACCEPT 825,NXRAY
897 FIRMAT (A5)

CALL IFTLE(27,FLE%)
NX1 = NXRAY/U
D) 554 I=3,NX1-1
READ(23,551) W (I), W (T+NX1) ,W(I+2%NX1),W(I+3*NX1)
W(I+NX1) = W(T+NX1)*, 3048
W(I+2%NX1) = W (T+2%NX1)*, 3248
W(I+3%NX1) = W(I+3*NX1)*. 3048
558 W(T) = W(L)*.30u83
551 FIRMAT (4 (E15. 7))
END FILE 20

HIGH PASS FILTEF THF DATA

aaan

TYPE 9

9 FORMAT(' TINPIT CUT-OFF FREQ,SAMPLING INTERVAL,'

1 tND, OF FILTRR SECTIONS!',/%)

ACC®EP™ 2,FC,TS,NS

2 FIRMAT(33)
FX = FC/V
CALY HPDES (FC,TS, NS)
DY 142 N=1,NS+1
DY 14a M=1,?

140 F{(N,M) =
D) 152 M
F(1,3y =
DY) 1A3 N=
TEMP = A{( *(F(N,3)-2.%¥F(N,2)+F (N, 1))

162 F(N+1,3) = MEZMP-B(N)*F(N+1,2) -C(N) *P (N+1,1)
DY) 17¢ N=1,NS+1
DY 17¢ v14%4=1,2

179 F(N,MM) = F(N,MM+1)
150 H(M) = F(NS+1,3)
c
c COMPTUTF AND SUBTRACT JUT MEAN VALUE
c COMPUTE THE SAMPLE VARIANCE
o
WBAR = 2.7
VAR = 0.7
D) 612 JJ = 2,NOPTS-1

610 WBAR = WBAR + W (JJ)
WBAR = WBAR/FLOAT (NOPTS)
D) 608 I=2,N)PTS-1
W(I) = W(T) - WBAR
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600

aQan

1M1

nan

372

aQan

950

124

W N -

VAR + W(I)*W (T)
VAR/FLIAT (NOPTS)

VAR
VAR

SQUAR® W(I)

D3 1111 I=8,NXRAY-1
W(T) = @ (I)*W (T)

CIMPUTE TNTR®3RAL OF W(K)**2 USING TRAPIZOIDAL RULE

WSUM = 2.3

D) 377 I=1,NIPTS-2

WSUM = WSTM+H (I) %W (T)

WSHM = WSUM + ,S%W (Z)*W (J)+,5%W (NOPTS-1) *W (NOPTS~ 1)
= DELX*WSUM/FTDAT

ADD 7ERJ3S TN DATA

DD 1@ T=YIPTS,NLAST
W{I) = 2.7

MAKE ARRAY COMPLEX

D) 512 J=NPTS-1,7,-1
W(2%J) = W(J)

D) 513 J=1,7*NPTS-1,2
W(J) = A.7%

COMPUTE PHT L (K)
CALL CFFT(MDPWRN,YPTS,#, 1)

NARALF NPTS/2

NYTN1 NHALF-1

T4S = TWOL*TWOL/FTDAT
DY 11 I=3,2%NLAST,?2
H{(I+1y = 3.7

W(TY = W(I)*THMS
CONTINUE

W(2%NPTS-1) = @2.2

J0TPUT VALUES OF PHI ODF L(X) TO DATA FILE {(FIRST HALF ONLY)

CALL OFILR [28,'FPSD2')

WRITR (26,987 .

WRITE(22,95M *C,FK,FLE

FIRMAT(/1X,'HIGH PASS FILTERED DATA',/1X,!'CUT-QOFF FRE)D =!',G,
V(R =',5,9, /7%,

*FILTERED VBRSION SQUARED BFFORE TRANSFORMING?,/1X,
"POWER SPEC™RUM OF PHI OF L({K)',/1X,

'DATA TAXEN FROM FILE ',A5)

WRITR(27,9(36) NPT5,T¥OL, MPTS,FI'M1

ARTTR (27,907 MZF3D

YRITE (2¢,917) YBAR,VAPR

WRITR (23,951 WSO



951

952

823

aQna

818

811

aaaONNaan
[

1952

PIRMAT(/1X,'<H OF L(X)*%*2> = V,F12.4)
WRITE (24,952)

FORMAT(//1X,'PRINTOUT OF THE VALUES OF THE POWER SPECTRUM',
/1X,5X,'K" ,12X,'PS VALUE?' ,8X, 'K CONTD', 4X, *PS VALUE CONTD', /)
MHALF = NPTS/U

M41 = MHALF-1

D) 823 I=0,M41

DEL = DELK*T

XX = W(2+%I)

K = MHALF+T

DEL2 = DELK*K

YY= W (2%K)

WRTTE (2%,943) DEL, XX, DEL2, YY

DEL3 = DELK*NHALF

ZZ = W(2*NHALF)

WRITE(2J,948) DEL3,Z7

END FTLE 20

PERFORM INTESRATION CHECK

TYPE 813

FORMAT (/1X,'PERFIRM INTEGRATION CHECK (Y OR N) ', $)
ACCEPT 837 ,CHAK

IF (CHK.ED.'N') 5O TO 23

FDR = NPTS*DELK

CALL SIMP(#.7%,EDR,DELK,NPTS,ANS)

TYPE 811,ANS

FORMAT (//1X,' INTFGRAL OF PHI OF L (K) =',E12.4)

OBTAIN AJTOCORRELATION FUONCTTON

CALL CFFT(MPWRN , NPTS,WN,2)

TYPE OUT AOUTOCORPELATION TO DATA FILE
XAOFF 13@32.,

RFCON PTS/THOL

DR = W({2) *RFCON
MAOFF = 129%2,/DELX

CALL NFILE (23,'AUTF2')

WRITE(272,98%

WRITE (28, 1952) FLF

PORMAT (/1X,'AUTOCORRELATION OF',/1X,
*'4TIGH PASS FILTFPED AND SQOARED NON-HOMOGENEOUS SAMPLE',/1X,
'*PATA TAXEN FROM FILE ',A5)

WRITE (2¢,946) NPTS5,TWOL,MPTS, FT M1
WRITF (28,9@T7YMZERD

ARITE(2%,917) WBAR,VAR

WRITE (28,951) WSTM
WRITE(24,381) XAOFF, MADFF
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381 FORMAT(/1X,' TRUCATION POINT WAS',G,' METERS!,/1X,
1 'WHICH CONTAINS ',I7,' POINTSY)
ARTITE (24, 1952)
1952 FORMAT(/7/1X,'PRINTOUT OF THE VALUES OF THE AUTOCORRELATION',
1 /1%,8X,'X',12%,° RL  ',9%, "RL/R@")
D) 1823 I=8,%AOFF
DEL = DELX*T
XX = W (2%I)*RPCON
YY = XX/DRS

1823 ARITE (27, 915) DEL, XX, YY
915 FIRMAT (1%, 3(2X,G))
END FILE 20

c

909 FORMAT(//1X,'DATA FYLE CREATED BY PROGRAM ATURBH4')

9¢3 FORMAT(1X,F12.6,3X,F12.4,3X,F18.6,3X, E12.4)

9¢5 FORMAT(//1X,'RL{&) = ',F12.4)

926 FORMAT(//1X,T6,' DATA POINTS WERE USED IN 2L = !,F15.4,
1 ' METER',/1X,I5,' DATA POINTS WERE USED IN M = ',F16.4,
1 ' METER')

9g7 FORMAT(//1X,16,' ZEROS WERE ADDED TO DATA')

908 FORMAT (29X, ™18.4, 3X, BE12.4)

91g FIRMAT(//1X,*MFAN VALUE OF W({X) = ',E15.5,' M/SEC',/1X,
1 fMEAN S). VALUE = ',E15.5,¢ (M/SEC)**%21)

c

c

4999 END
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Program ATURB2
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c
o
¢
o
c
o
C
¢
¢
CA
C
¢
o
¢
¢
C
¢
c
o
¢

800
801
802

803

828
102

804

128

. ¢CRFISHER>ATURB2,¥435 1=NoveTl7 10114327 EDIT BY RFISHER

PROGRAM ATP2, ATMOSPHERIC TURBULENCE TASK

ITEM 1, PARTS 1,1,A, PHASE IT OF ATMOSPHERIC TURBULENCE
MEAN VALUE sUBTRACTPD FROM DATA BEFORE COMPUTING SPECTRUM
SPRCTRUM CALCULATIONS (AS IN PHASE 1)

REQUIRES SUBROUTINES!:

CFPT) TO PERFORM FFT
SIMPt TO INTEGRATE BY SIMPSIONS RULE

READS NASA DATA STORED IN DATA FILE TO BE NAMED
PRODUCES DATA FILES:
PHILK} VALUES OF pSD PHI OF L(K) |
AUTO} lUTOCORRELATION OF PSDh
DSpSt SMOOTHED POWER SPECTRUM

COMMON/SG/W(B/65%37)
INPUT INITIAL PARAMETERS

TYPE 800 _
FORMAT(/1X,*INPUT SPEED OF CRAFT (M/SEC)*,/8)

ACCEPT 841,V

FORMAT(G)

TYPE 802

FORMAT(/1X, *INPUT TOTAL NO, OF POINTS TO BE USED IN 2L M,°’,
# OF DATA’,/1X,?AND POWER OF TWO OF THAT NO,%,/8$)

ACCEPT 803,NPTS

ACCEPT 803,MPWRN

FORMAT(16)

TYPE 702

ACCEPT 825,NOPTS,SRATE

FORMAT(2G) ]
FORMAT(/1X, *INPUT No. OF POINTS OF W(X) TO BE READ’,/iX,
FAND SAMPLING RATE OF DATA 4,8)

TYPE 8@4

FORMAT(/1X, *INPUT VALUE OF MDTS'q

/,' AND POWER OF TWO OF THAT NO,?,/8)

ACCEPT 803,MPTS

ACCEPT 8A3,MPWRM

MZERO = NPTSeNOPTS
NLAST 3 NPTSel
TIME = SRATE#NPTS
TWOL = Y#TIME

PTS = FLOAT(NPTS)
DELX = TWOL/PTS
FTM = MZERO#DELX
FTDAT = TWOLwFTM
DELK = 1,/7WOL
FTM] & MPTS#DELX
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826
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READ IN THE DATA W(X) AND CONVERT TO M/SEC

TYPE 806

FORMAT(/1X, #INPUT DATA FILE NAME THAT CONTAINS SAMPLES?,
/1%, 90F W(X) AND NO' POINTS NXRAY’,/S$)

ACCEPT 897,FLE

ACCEPT 82%5,NXRAY

FORMAT(AS)

CALL IFILE¢29,FLE)

NX1 = NXRA¥/4

DO 557 Im@,NXietl
READ(22,551)W(T),W(I+57A0),W(I+11400),W(I+17100)
W(TI+%702) a Wt1+572a)&.3a48

W(I+11400) = w(I+1l4Ga)&,3ﬂ48

WCI+17133) a W(I+17100)%_3048

W(I) = wclau,3a4g

FORMAT(4(E15%,7))

END FILE 20

COMPUTE AND SUBTRACT OUT MEAN VALUE
COMPUTE THE SAMPLE VARIANCE

WBAR = 0,0

VAR = #,0

DO 610 JJ = B,NOPTSe1!
WBAR = WBAR ¢ W(JJY
WBAR 5 WRAR/FLOAT(NOPTS)
DO 627 I=0,NOPTSw»1

W(I) = W(I) = WBAR

VAR 3 VAR ¢ W(I)eW(I)
VAR 3 VAR/FLOAT(NOPTS)

COMPUTE INTEGRAL OF W(¢K)sx2 USING TRAPIZOIDAL RULE
WsUM = 9,0

DO 370 I=n] NOPTSe?2

WSUM @» WSUM+W(I)iW(I)

WSUIM x WSUM + 2SHWCAIRW(AY+ SHWI(NOPTS=1)#W(NOPTS=])
WSUM a DELX#WSUM/FTDAT

ADD ZEROS T0 DATA

DO 13 TaNOPTS,NLAST
w(r) = 0,0

MAKE ARRAY COMPLEX

DO 512 JaNpTS~1,0,e1
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WE2RT) ® WED)
DO 513 J=1,2#NPTSe1,2
WweJ) s 2,.@

COMPUTE PHI L(K)
CALL CFFT(MPWRN,NPTS,W,1)

NHALF = NPTS/2

NMIN1 = NHALFw=1

TMS = TWOLETWOL/FTDAT
DO 11 Teq,24NLAST,?
WeTI+1) = 0@

W(T) = W(I)uTMS
CONTINUE

W(2#NPTSel) & 0,0

OUTPUT VALUES OF PHY OF IL¢K) TO DATA FILE (FIRST HALF ONLY)

CALL OFILE (2@,°PHILK?)
WRITE(20,900)
WRTTE(202,980)FLE

FORMAT(/1X, *POWER SPECTRUM OF PHI OF L(K)?,/1X,
*DATA TAKEN FROM FILFE ¢,a5)

WRITE(20,906)NPTS, TWOL,MPTS, FTM1
WRITE(22,907)MZERD

WRITE(2¢,91@3)WBAR, VAR

WRITE(22,9%1)WSUM

FORMAT(/1X,°<8 OF L(¢X)#u2> = '.raz 4)
WRITE(20,9%2)

FORMAT(//1%, PRINTOUT OF THE VALUES OF THE POWER SPECTRUM®,
/1X,5%,°K?, 10X, *PS VALUE?,8X, K CONTD?,4X,’PS VALUE CONTD'./)
MHALF = NPYTS/4

”41 & ”HALF-

DO 823 Ix0P,M41

DEL = DELK#l

XX = W(2#1)

K & MHALF+1Y

DEL2 = DELK#K

YYs W(2#K)

WRITE(2¢,943)DEL, XX,DEL2,YY

DEL3 = DELX&#NHALF

ZZ & W(2#NHALF)

WRITE(2@,998)DEL3, 22

END FILE 29

PERFORM INTEGRATION CHECK

TYPE 810
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FORMAT(/1X, ‘PERFORM INTEGRATION CHECK (Y OR N)  *,8)
ACCEPT 807,CHK

IF (CHK,EQ,¢N%) GO 10 23

EDR = NPTS#DELK

CALL SIMP(@,@,EDR,DELK,NPTS,ANS)

TYPE B11,ANS

FORMAT(//1X, *INTEGRAL OF PHI OF L (K) =%,E12.4)

OBTAIN AUTOCORRELATION FUNCTION

TYPE 4444,W(Q),W(1),W(2),W(3)

TYPE 4444,W(4),W(5),W(6).W(T)

TYPE 4444,W(8B),W(10)

TYPE 4444,W(NPTS) _

TYPE 4444,W(NPTSe2) ,W(NPTS+2)

TYPE 4444,W(2#NLASTe?2),W(2#NLASTw4) ,W(2#NLAST=6)
FORMAT(4G)

CALL CFFT(MPWRN,NPTS,W,2)
TYPE OUT AUTOCORRELATION TO DATA FILE

XAOFF = 13000,
RFCON = PTg/TWOL
DRO = W(A)Y#RFCON
MAOFF = 130¢@,/DELX

CALL OFILE (24,°AUTO*)

WRITE(292,900)

WRITE(20,195%52)FLE

FORMAT(/1X, *AUTOCORRELATION OF STATIONARY SAMPLE’,/{X,
‘DATA TAKEN FROM FILE ¢,AS%)

WRITE(20,906)NPTS, TWOL,MPTS,FTM1
WRITE(28,907)MZEROD

WRITE(20,912)WBAR, VAR

WRITE(2¢,981)WSUM

WRITE(2%,381)XA0FF,MAOFF

FORMAT(/lX.' TRUCATTON POINT WAS',G,' METERS?, /1X,
FWHICH CONTAINS ¢,77,¢% POINTS®)

WRITE(20,16%2)

FORMAT(//1%, *PRINTOUT OF THE VALUES OF THE AUTOCORRELATIONS,
/1%,8%X,°%*,12%, ¢ RL é$,9%, "RL/ROA)

Do 1923 Is@,MAOFF

DEL = DELX#l

XX 8 W(2#1)Y#RFCON

YY = XX/DR@

WRITE(20,915)DEL, XX, YY

FORMAT(1X,3(2X,G))

END FILE 20

COMPUTE WINDOW FN, AND RL(Z)/(1=/Z//(2LeM))

i3a
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DRA ® W(0)/DELX

PI = 3,141%592654

FTM] = MPTS#DELX

PO 13 J=@,MPTS

ARG m DELX#¥J

CC = PI#ARG/FTM1

ND = 1,=ARG/FTMY

FE = ABRS(STN(CC))

WINDO = EE/PI+DDeCOS(CC)
DVSOR = 1,=«ARG/FTDAT
W(2#J) 3 WE2#JI#WINDO/(DELX#DVSOR)
M2PWR & MPWRM#1

M2PTS = 2#MPTS

FT2M & 2,%FTM{

MMIN] = MPTSe!

PO 14 JX=1,MMIN{

KK & M2PTSeJK

W2*KK) & w(2#JK)

DO 521 K=i,2¥M2PTSey,?2
W(K) = 9,92

COMPUTE SMOOTHED POWER SPECTRUM
CALL CFFT(M2PWR,M2PT8,W,?2)
PRINT DATA FILE fDSpS¢ , FIRST HALF OF DATA POINTS

CALL OFILE¢2@,‘DSPS§#)
WRITE(24,900)
WRITE(22,901)FLE
WRITF(22,996)NPTS, TWOL,MPTS,FTM1
WRYTE(23,912)WBAR, VAR
WRITFE(22,951)WSUM
WRITF(20,947)MZERO
WRITE(20,9A5)DRO
WRITE(2¢,902)

MHALF = MPTS/2

M41 = MHALFa=1

DELK = 1,/FT2M

DO 56 I=@,M4al

DEL ® DELKa#l

XX = W(2#I1#FT2M

K s MHALF+1

DEL2 = DELK#K

YY & W(2#KyuFT2M
WRITE(20,923)DEL, XX,DEL2,YY
DEL3 = DELK#MPTS

ZZ % W(2#MPTS)#FT2M
WRITE(20,908)DELY, 22
END FILE 20



900 FORMAT(//1%,’DATA FILE CREATED BY PROGRAM ATURR2*)

901 FORMAT(//1X, Y SMOOTHED POWER SPECTRUM PHI OF P(K)’,
1 /1%, *DATA TAKEN FROM DATA FILE ¢,AS)
902 FORMAT(IIIX.'PRINTOUT OF VALUES OF THE SMOOTHED®,

1 ¢ POWER SPECTRUM?,/sX,#K?,104X,9SPS VALUE?,8X,#X CONTD/,
2 4X,’SPS VALUE CONTD¢, /)

903 FORMAT(1X,F10,6, 3XaE12 4., 3X.F10.6 3IX,E12.4)
925 FORMATtllix.’RL(G) = '.512 4)
986 FORMATtl/lx I6,¢ DATA POINTS WERE USED IN 2L = ',rss 4,

I METFR'.llx.IS.' DATA POINTS WERE USED IN M =& ?,F16,. 4.
{ ¢ METERF)

907 FORMAT(//1X,16,¢ ZEROS WERE ADDED TO DATA?)

908 FORMAT(29X,F10,4,3%X,E12,4)

910 FORMAT(//1X,MEAN VALUE OF W(X) = ’,E15,5,°% M/SEC?,/1X,
{f F#MEAN §0, VALUE = *,E1%.5,¢ (M/SFEC)Ian2°)

c .

o

4999 END
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PROGRAM ATURB2, ATMOSPHERIC TURBULENCE TASK

ITEM 2, PARTS 1,1,A, PHASE 1T OF ATMOSPHERIC TURBULENCE
MEAN VALUE SUBTRACTFD FROM DATA BEFORE COMPUTING SPECTRUM
SPECTRUM CALCULATIONS (AR IN PHASE I)

REQUIRES SUBROUTINES:

CFFTL TO PERFORM FFT
CIHDI TO IN'rIjt'pl'rE‘ Ry QSIMPRTONES RULRE

READS NASA DATA STORED IN DATA FILE TO BE NAMED
PRODUCES DATA FILES,;

PHTLK3 VALUES OF pSD PHI OF L(K)

AUtOY AUTOCORRELATION OF PSD

DSPSt SMOOTHED POWER SPECTRUM

COMMON/SG/w(?/65537)
INPUT INITIAL PARAMETERS

TYPE A00 ) )
FORMAT(/1X,fINPUT SPEED OF CRAFT (M/SEC)Y*,/8)

ACCEPT 801,V

FORMATIG)

TYPE 802

FORMAT(IIX ¢INPUT TOTAL No or POINTS TO BE USED IN 2L M ',
# OF DATA’,/1X,*AND POWER OF TWO OF THAT NO,7,/8)

ACCEPT B03, NPTS

ACCEPT 6803,MPWRN

FORMAT(IG)

TYPE 702

ACCEPT 825,NOPTS,SRATE

FORMAT(2G) _ .
FORMAT(/1X,?INPUT No, OF POINTS OF wW(X) TO BE READ‘,/1X,
PAND SAMPLING RATE OF DATA *,8)

TYPE B@4

FORMAT(/1X.'INPUT VALUE oF MPTS' )

/,* AND POWER OF TWO OF THAT NO,* ,/8)

ACCEPT BQ3,MPTS

ACCEPT 803 ,MPWRM

MZFERO = NPTSeNOPTS
NLAST ® NPTSel
TIME s SRATE#NPTS
TWOL = Va#TIME

PTS = FLOAT(NPTS)
DELX = TWOL/PTS
FTM » MZERb&DELx
FTDAT ® TWOLeFTM
DELK =» 1,/TWOL
FTM] = MPTg#DELX
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READ IN THE DATA W(X) AND CONVERT TO M/SEC

TYPE 806 .
FORMAT(/1X,?INPUT DATA FILE NAME THAT CONTAINS SAMPLES’,
/1X,7OF W(X) AND NO_, POINTS NXRAY*,/S$)

ACCEPT 887,FLE

ACCEPT 825,NXRAY

FOPMAT(AS)

CALL IFILE¢2¢,FLE)

NX1 = NXRAY/4

DO 5%7 ImA,NXiwl

READ (22,551 WCTI), WOT#NX1Y, WCT+2#NX1),WCI+INNX1)
WCT+NX1) = WeTI+NX1)»,304
WCI+24NX1) = WCI+2#NX1)#
WCT+3NX1) = WCIA3NNX1)»
WCT) = W(Ivw,3048
FORMAT(4(E15,7))

END FILE 20

f30)48

COMPUTE AND SUBTRACT OUT MEAN VALUE
COMPUTE THE SAMPLE VARIANCE

WBAR =z 0,0@

VAR = 0,0

DO 612 JJ = @,NOPTSet
WBAR & WBAR ¢ W(JJ)
WBAR 3 WBAR/FLOAT(NOPTS)
DO 630 IaB,NOPTSel

W(I) = W(Iy = WBAR

VAR = VAR ¢ W(I)#W(I)
VAR = VAR/FLOAT(NOPTS)

COMPUTE INTEGRAL OF W(K)sw2 USING TRAPIZOIDAL RULE
WwsiiM a 9,9

NO 373 I=i NOPTSw2

WSUM & WSUMsW(I)®W(T)

WStM s wsuy * 5NN YNW(O)+ SHWI{NOPTS=1 Y#W(NOPTS=])
WSUM 3 DELY#WSUM/FTDAT

ADD ZEROS 70 DATA

DO 1@ TsNOPTS,NLAST
weId) = 2,0

MAKE ARRAY COMPLEX

DO 512 JsNpPTSel,q,ey



512 We2nJ) s Wed)
DO 513 Jm1,24NPTSel,?2

513 We(J) = 4,0

c.

of COMPUTE PHY L(K)
c

CALL CFFT(MPWRN,NPTS,W, 1)

NHALF s NP1t§/2
NMIN{ 3 NHALFw{
TMS = TWOL#TWOL/FTDAT
DO 11 Is@,2#NLAST,2
WEIel) = 9 .
WeT) = W(l)iTMS
11 CONTINUE
W(2¥NPTSel) ® 2,0

OUTPUT VALUES OF PHI OF L(K) TO DATA FILE (FIRST HALF ONLY)

ann

CALL OFILE (26,‘PHILK5)
WRITE(24,900)
WRITE(23,980)FLE
959 FORMAT(IIX.'POWER SPECTRUM OF PHT OF L(K)'./lx.
1 IDATA TAKEN FROM FILE ',AS)
WRITE(20,906)INPTS, TWOL,MPTS,FTMY
WRITE (23,927 YMZERO
WRITE(20,91@)WBAR, VAR
WRITE(202,9%1)WSUM
981 FORMAT(/1X,°<W OF L(X)##2> = ¢,F12.4)
WRITE(20,9%2)
952 FORMATtlllx.'PRINTOUT OF THE VALUES OF THE POWER BPFCTRUM'
1 /1x.sx.'x'.1ﬂx.'Ps VALUE'.BX.'K CONTD'.4X.'PS VALUE CONTD?, /)
MHALF = NPTs/4
M41 = MHALF el
DO R23 I=Q,M41
DElL, = DELK#TI
XX 8 W(2#I)
K = MHALF+Y
DEL2 = DELK#K
YYm W(2#K)
821 WRITE(20,903)DEL,XX,DEL2.YY
DELY = DELKuNHALF
22 = W(2#NHALF)
WRITE(206,968)DEL3, 27
END FILE 20

ABOVE WAS HESCRIPTIVE DATA FILE NOW MAKE DATA FILE THAT
IS READ RY OTHER PROGRAMS

nNnoanNn

CALL OFILE(21,9PSD’)
PO 1212 JK=1,32
K 8 5038 (CJKel)
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WRITE(21,96086) (W(2#T),1=04+K,499+K)
FORMAT(50306G) o

WRITE(21,9606) (W(2#T),1z16400,16384)
END FILE 21

PERFORM INTEGRATION CHECK

TYPE 810 _ ) _ o
FORMAT(/1X, PERFORM INTEGRATION CHECK (Y OR N) . 8)
ACCEPT 807,CHK

IF (CHK,EQ,*N*) GO T0 23

EDR = MNPTS#DELK

CALL STMP(@,8,EDR,DELK,NPTS,ANS)

TYPE 811, ANS

FORMATCIIIX.‘INTEGRAL OF PHI OF L (K) =¢,E12,4)

NBTAIN AUTOCORRELATION FUNCTION
TYPE 4444,W(3),W(1),W(2),W(3)

TYPE 4444,W(4),W(5),W(6),.W(T)

TYPE 4444,W(B),W(1@)

TYPE 4444,W(NPTS)

TYPE 4444,W(NPTS«2),W(NPTS+2)

TYPE 4444,W(2#NLASTe2),W(2¥NLASTe4),W(2#NLAST=6)
FORMAT(4G)

CALL CFFPT(MPWRN,NPTS,W,2)
TYPE OUT AUTOCORRELATION TO DATA FILE

XAOFF = 13940,
RFCON a PTS/TWOL
DRO = W(O)#RFCON
MAOFF = 1300@,/DELX

CALL OFILE (2@,%aUT0*)

WRITE(22,900)

WRITE(20,1950)FLE ,
FORMAT(/1X, AUTOCORRELATION OF STATIONARY SAMPLE’,/1X,
*DATA TAKEN FROM FILE ¢,A%)

WRITE(2@,906)NPTS, TWOL,MPTS, FTM1

WRITE(22,907)MZERO

WRITE(20,91@)WBAR, VAR

WRITE(20,9%81)WSUM

WRITE(20,381)XROFF,MAOFF '
FORMAT(/1X,* TRUCATION POINT wAS¢,G,’ METERS,/1X,
*WHICH CONTAINS #,17,¢ POINTS?)

WRITE(20,1952)

FORMAT(//1%, *PRINTONT OF THE VALUES OF THE AUTOCORRELATION?,
71%X,8X,°X°,12X,* RL §,9%, 'RL/ROF)

DO 1823 I=@,MAQFF

DEL 3 DELX#1

XX = W(2#I)#RFCON

YY = XX/DRo



1823 WRITE(20,915)DEL, XX, YY

918 FORMAT(1X,$¢2X,G))
END FILE 2¢
c
c ABOVE WAS DES CRIPTIVE DATA FILE NOW MAKE DATA FILE
¢ TO BE READ BY FOLLOWING PROGRAMS
c .
¢ .
CunuesuDONT FORGET THESE NUMBERS MUST BE MULTIPLIED BY RFCON sxxss®
c

IEND s MAOFF/500
CALL OFILE(¢21,?RILNHe¢)
DO 10811 JK = 1,IEND
K = 500%(JKel)

1011 WRITE(21,9606)(W(2%#T),Tup¢K,499+K)
KEND = S00%(IEND=1)
WRITE(21,9606)(W(2%1), I=KEND, MAOFF)

COMPUTE WINDOW FN, AND RIL(Z)/(1e/2//(2L=M))

naon

DRG s W(Q)/DELX
Pl = 3,141892654
FTM] = MPTS#DELX
DO 13 J=A,MPTS
ARG = DELX#J
€C = PINARG/FTMY
DD = §,«ARG/FTM]
EE = ABS(SIN(CC))
WINDO = EE/PI+DD#COS(CC)
DVSOR = 1 ,«ARG/FTDAT
13 W(2#J) = We2#J)#WINDO/(DELX4DVSOR)
M2PWR 3 MPWRM+41
M2PTS & 2#MPTS
MMINI 8 MPTSel
DO 14 JKmi,MMIN{
KK = M2PTSaJK

14 W(2#KK) = wW(2#JK)
DO 521 Kxi,2#M2PTSe1,2
521 W(K) a 0,0
¢
c COMPUTE SMOOTHED POWER SPECTRUM
c
CALL CFFT(M2PWR,M2PTS,W,2)
(o8
c PRINT DATA FILE °DSpS* , FIRST HALF OF DATA POINTS
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1914
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910

1979

CALS OFILI¢nB, TD3PL?)
FRUTE(200,087)

HRITI (B30 YL
’H?.’;TE.(’!Gw9@5)“?7‘5;TNO!:.""TH-"TM
WRTTECB, ST )1WHUY
WiTTE! 20,907 MIEND
WRITE (20,535 )D0LO
VRTUE(22,90870)

WHLLF & MEPS/U

V41 N MAALE 1

DELK & 1, /F2H

A 86 =, 41

DlL 2 DELKSY

Y4 on p (201 #iTIM

K =z MUHALF4|

L o NELKY 'S

vy s IR uFTV
YRUTE 0, Y8 1YDEL, YL, DEL2, XY
GELY % DELKuMETH

17 = WI20METS #ITIM
WF.ITMH:G,91587’JE?..3¢ 21
ENUD FILE 27

FORMATC.) /1R, 'DLTY "ILE SECATED 1Y PROCHAN LTIREAY)
FORMATC/ 240, FEMONTLED YONER SRELTEUM DAY CFF BCOYY,

111, $3ATA TIKEN FROM DLT! IPILE F, 08! ]
FOUMLTI /7%, *IRINTIUT OF VILIES OF 'THE IMOOTHED® A
v pOREN HAE(TRULS K F¥ P, 081, 808 FRLULY, 81, K aourie,
4y, *5R5 TALUE CONIDI, /) ‘ ,

PORN AT/ 11,718 €, 30 pi0atu1X, F1240,1%,E.2, )
FORNAT L/ P40, PRIQEY = Poli1ia 1) }
FOR/AT(, /10,16, ¢ Dhrit FITNTY witRl, USED IN 21, % ¢ K18, 4,
P MIETER',/4Y,1%,¢ TATA POINTS WERY USED IN M a f, Fll.by
rONETHR(Y _ ‘ |

SONMELTC /20X, Mg TOEIS WERT UDDED TO JATAN)

POEMATI29R, 87,4, 0% 812, 1) ) o
POUMET (/1) THEIN V2LUE OF W.X) v RS ,5, 7 MIBEDY, /X,
iNEAN O, YALUJE = ¢ E1S,5.¢ (V/SECIen20)

FHD



Program ATURB4
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o PROGRAM ATURRY, ATMOSPHERIC TURBULENCE TASK
o ITEM 3, PARTS 1,1,A, PHASE II OF ATMOSPHERTC TURBULENCE
e MEAN VALUE SUBTRACTED FROM DATA BEFORE COMPUTING SPECTRUM
o SPECTRUM CALCULATIONS (AS IN PHASE 1)
o
c REQUIRES SUBROUTINESS
e CFFT: TO PERFORM FFT
o sIMpy TO INTEGRATE BY SIMPSIONS RILE
e HPNESE HIGH PASS FILTER
o
o READS NASA DATA STORED IN DATA FILE TO BE NAMED
¢ PRODUCES DATA FILES:
c PHILKt VALUES OF pSD PHI OF L(K)
e AUTOp AUTOCORRELATION OF PSD
o
COMMON/SG/W(R/65537)
COMMON/CC/A(3),B(3),C¢3).GR(2,18),F(4,3)
c
of INPUT INTITYIAL PARAMETERS
¢
TYPE BAa
goeQ FORMAT(/1X, *INPUT SPEED OF CRAFT (M/SEC)*,/$)
ACCEPT 801,V
801 FORMAT(G)
TYPE 802 ]
8n?2 FORMAT(/1X, INPUT TOTAL No, OF POINTS TO BE USED IN 2L M.’
{ ¢ OF DATA’,/1X,*AND POWER OF TWO OF THAT NO,*,/$)
ACCEPT 843,NPTS
ACCEPT B8A3,MPWRN
803 FORMAT(16)
TYPE 782
ACCEPT R25,NOPTS,SRATE
825 FORMAT(2G) _
742 FORMAT(/1X,* INPUT NO, OF POINTS OF w(X) TO BE READ®,/1X,
{ *AND SAMPLING RATE OF DATA *,s)
TYPE B804
824 FORMAT(/1X,?INPUT VALUE OF MPTS‘,
1 /,* AND POWER OF TWO OF THAT NO,*,/s)
ACCEPT 803,MPTS
ACCEPT 8@3,MPWRM
c.

MZERO = NPPS«NOPTS
NLAST = NPTSel
TIME ® SRATE#NPTS
TWOL ® VaTIME

PTS = FLOAT(NPTS)
DELX 5 TWOL/PTS
FTM = MZERO#DELX
FTDAT % TWOLeFTM
DELK ® 1. /TWOL
FTM1 s MpPTSsDELX
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READ IN THE DATA W(X) AND CONVERT TO M/SEC

TYPE 886 .
FORMAT(/1X, *INPUT DATA FILE NAME THAT CONTAINS SAMPLES®,
/71X, ?0F w(X) AND NO, POINTS NXRAY’,/$)

ACCEPT 807,FLE

ACCEPT 825,NYXRAY

FORMAT(AS)

CALL IFILE(20,FLE)

NX1 w NXRAY/4

DO 559 Ia@,NXlet
READ(20,551)W(I) s WCI4NX1),W(T+2#NX1),WCT4+3%NX1)
WCT4NX1) = weIeNX1)%,3048

WCI+2#NX1) 3 W(I+2¥NX1)w,3048

WCT+3NNYX1) = W(I+INNX{)n_ 3048

WeI) = welys,3048

FORMAT(4(E15,7))

END FILE 20

HIGH PAsSS FILTER THE DATA

TYPE 9

FORMAT(¢ INPUT CUTeOFF FREQ,SAMPLING INTERVAL,*
#NO, OF FILTER SECTIONS?,q)

ACCEPT 2,F¢,TS,NS

FORMAT(3G)

FK a8 FCyv

CALL HPDES(FC,TS,NS)

DO 14Y¥ Nmi,NS+1

no 144 M=i1,?2

F(N,M) = 0.0

DO 152 Mz@,NXRAYw!

F(1,3) = WeM)

DO 162 Nml,NS

TEMP 3 A(NY#(F(N,3)=2 #F(N,2)4+F (N, 1))
F(N+1,3) & TEMP#R(N)I#F(N+1,2)=C(NI#F(N+1,1)
NO 172 Nal,NS+1

DO 17@ MMs1,2

W(M) 2 F(NS+1,3)

COMPUTE AND SUBTRACT OUT MEAN VALUE
COMPUTE THE SAMPLE VARIANCE

WBAR = @,9

VAR » 2,0

DO 619 JJ 8 A,NOPTSe=1
WRAR ® WBAR + W(JI)

WBAR % WBAR/FLOAT(NOPTS)
DO 639 139,NOPTSw!

WCT) = Ww(IY » WBAR
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600 VAR ® VAR ¢ W(I)#W(I)
VAR = VAR/FLOAT(NOPTS)

€ . .
e COMPUTE INTEGRAL OF W(Kjy#wu? USING TRAPIZOIDAL RULE
£
WSUM = .0
DO 379 1s1,NOPTSe2
37¢ WSUM 8 WSUMsW(TII*W(I) _
WSUM & WSUM 4 ,S#W(@)»W(A)4, SeW(NOPTS=1)#W(NOPTSw])
WSUM = DELX#WSUM/FTDAT
C
c ADD ZEROS TO DATA
¢
DO 10 IaNOPTS,NLAST
1@ w(l)y = 9,9
c .
c MAKE ARRAY COMPLEX
¢
DO 512 JsNpPTS={,R, =1
512 W(2#4d) = WD)
PO 513 Jm1,2#NPTS=1,2
513 W(J) = 0,0
o
o COMPUTE PHT I,(K)
c

CALL CFFT(MPWRN,NPTS,W,1)

NHALF = NPTS/2
NMIN] s NHALF w1
TMS = TWOL#TWOL/FTDAT
no 1t IIQ'Q*NLASng
Welsl) = 4.0
WCI) = Wel)#TMS
11 CONTINUE
W(2#NPTSel) = 2,0

OUTPUT VALUES OF PHI OF L¢K) TO DATA FILE (FIRST HALF ONLY)

non

CALL OFILE (2@,°PHILK?)
WRITE(20,900)
WRITE(20,9%0)FC,FK,FLE . )
958 FORMAT(/1X,*HIGH PASS FILTERED DATA’,/1X,°CUT«0OFF FREQ =*,G,
f (K a?,G,¢)Y*,//1X, N .
*POWER SPECTRUM OF PHI OF L(K)?,/1X,
'DATA TAKEN FROM FILE 7,as%)
WRITE(20,906)NPTS, TWOL ,MPTS, FTM1
WRITE(22,907)YMZERO
WRITE(20,910)WBAR, VAR
WRTTE(20,9%51)WSUM . ,
951 FORMAT(/1X,*¢W OF L(X)n%2> = *,F12,4)
WRITE(202,952)

- N e
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9%2 FORMAT(I/!X.'PRINTOUT OF THE VALUFS OF THE POWFR SPECTRUM?,
1 /71X, 5X¢'K'.10X.'Ps VALUE?,8%, K CONTD#,4X, *pS VALUE CONTD?,/)
MHALF = NPTS/4
M41 3 MHALF w1
nO 823 I=d,M41
DEL ® DELK#1I
XX = W(2x1)
K m MHALF+1
DEL2 = DELKX#K
YYs W(2#K) _
823 WRITE(20,983)0EL, XX,DEL2,YY
DELI 8 DELX¥NHALF
ZZ & W(Z#NHALF)
WRITE(20,908YDELI3, 22
END FILE 29

e
o PERFORM INTEGRATION CHECK
o
TYPE 819
810 FORMAT(/1X, *PERFORM INTFGRATION CHECK (Y OR N) *,8)
ACCEPT 8@7,CHK
IF (CHK_,EQ,*N’) GO 70 23
EDR & NPTS#DFELK
CALL SIMP(®,@,EDR,DELK,NPTS,ANS)
TYPE 811,ANS . '
811 FORMAT(//1X, *INTEGRAL OF PHI OF L (K) =*,E12.4)
o]
o OBTAIN AUTOCORRELATION FUNCTION
o
23 CALL CFFT(MPWRN,NPTS,W,2)
c
¢ TYPE OUT AUTOCORRELATION 70 DATA FILE
e
XAOFF =z {3@00,
RFCON 3 PTS/TWOL
DR = W(A)#RFCON
MAOFF 3 13@0@,/DFLX
¢ )
CALL OFILE (29, AUTO¢)
WRITE(22,9a9) _
WRITE(20,19%@)FLE i
1950 FORMAT(/1X, *AUTOCORRELATION OF’,/1X,

1 ‘HIGH PASS FILTERED NON-HOMOGFNFOUS SAMPLE?, /1%,

2 ¢DATA TAKEN FROM FILE ‘,As)
WRITE(20,906)NPTS, TWOL, MPTS,FTMY
WRITE(20,907)YMZERO
WRITE(23,91P)WBAR, VAR
WRITE(20,981)WSUM _

WRITE(20,381)YXAQOFF,MAQFF
381 FORMAT(/1X,* TRUCATION POINT WAS?,G,* METERS®,/1X,
1 SWHICH CONTAINS ¢,17,¢ POINTS#)
WRITE(20,1952)
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1952

1823
915

900
943
945
996

927
908
9190

4999

146

FORMAT(//1%X, *PRINTOUT OF THE VALUES OF THE AUTOCORRELATION,
/1%,8X,7X7,12%,* RL #,9%, RL/RA )

PO 1823 124,MAOFF

DEL ® DELX#I

XX = W(2#I)#RFCON

YY = XX/DR@

WRITE(20,915)DEL, XX, YY

FORMAT(1X,3(2X,G))

FND FILE 20

FORMAT(//1%X, #DATA FILE CREATED BY PROGRAM ATURB4*)
FORMAT(1X,F10,6,3X,E12, 4,3X,F10,6,3X,E12.4)
FORMAT(//IX,'RL(H) = *,F12.4)

FORMAT(//1%,76,¢ DATA POINTS WERE USED IN 2L = ¢,F15,4,
i METER?,/1X,15,¢% DATA POINTS WERFE USED IN M & *#,F16,.4,
. METFR‘) )
FORMAT(//1%X,16,* ZEROS WERE ADDED TO DATAS)
FORMAT(29X,F10,4,3%X,E12,.4) 5 _
ronMAT(//ix.'MEAN VALUE OF w¢X) = *,E15,5,* M/SEC*,/1X,
'MEAN SO, VALUE ® *,E15,.5,% (M/SEC)#%27)

END



Subroutine BIN
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798

744

10

50

11

13
802

148

SURROUTINE BIN(S) _
PROGRAM BIN, ATMOSPHERIC TURBULENCE TASK
ITEM 4

COMMON/AA/RIN1(501),BIN2(5@1), TOTAL,NRIN,BINW,NPTS
DIMENSION S(A/15¢60)

TYPE 798 , )

FORMAT(/1X,* INPUT BIN WIPTH?,/1X,* NO, OF BINS TOTAL?,/$)
ACCEPT 744,BIVNW

ACCEPT 744 ,NRIN

FORMAT(G)

NBIN2 = NBIN/2
PO 18 Jsi,NRIN2
RIN1(J) = 3,0
BIN2(J) =z @,0
TQOTAL 3 a,@
TBIN = 2.0

PO 11 J= @,NPTSe! _

IF (S(J),Lr,8,2) GO TO 50 _
IF (S(J),E0,2,0) BINI(1) = BINI(1)+1,
IF (S(J).EQ,0,0) GO TO 1!

RSLT1 = S(J)/BINW

TR & IFIX(RSLT1) + 1

BINL1(IR) = BINI(IR) + 1,

GO TO 11

RSLT2 = ABS(S(J))/BINW

TR = IFIX(RSLT2) + 1

RIN2(IR) = BIN2(TR)Y 4 1.

CONTINUE

TOTAL & 0,0

DO 13 J=1,NRIN?2

TOTAL = TOTAL + BIN{(J) + BINZ(J)Y

TYPE 8@2,TOTAL

FORMAT(/1X, *TOTAL NO, OF pOINTS USED FOR IST PASS =¢,F8,2)

RETURN

END



Subroutine BINSQ
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SUBROUTINE BINSQ(S)
PROGRAM BRINSQ. ATMOSPHERYC TURBULENCE TASK
ITEM 4

COMMON/BR/RIN3(700),TOT1,NBINt,BINW] ,NPTSY
DIMENSION $(13/150@¢)

TYPE 798

FORMAT(® INPUT BIN WIDTH ¢,/1X,* NO, OF BINSH,/¢)
ACCEPT 744,BINW1

ACCEPT 744,NRINY

FORMAT(G)

DO 19 J=1,NBINg
BIN3I(J) = 0,0
ToTt = @@

TBIN = 9.0

PO 11 J= 9,NpPTS1e])

IF (S()LEQ,0,0) BINI(1) = BIN3(1)+1,

IF (S(J).EQ,3,8) GO TO 11

RSLT 3 S¢J)y/BInNwt

IR = IFIX(RSLT) + 1

BIN3(IR) = BIN3(IR) + 1.0

CONTINUE

TOTL = 2.0

DO 13 J=t{,NBINY

TOTI = TOT{ ¢« RTIN3I(J)

TYPE 802,TOT1 ,
FORMAT(/1X,*TOTAL NO, OF pOINTS USED FOR IST PASS 3¢,F8,2)

RETURN

END



Subroutine CFFT1
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SUBROUTINE CFFT, CALCULATES FFT OF ANY DATA ARRAY
NUMBER OF DATA POINTS IS POWER OF 2(M)

naan

SUBROUTINE CFFT(MPOWR,NPTS,.S,NWAY)

DIMENSION B(2)
COMPLEX 8(d/5000),U,T,W1
FQUIVALENCE (Wi,B)
DO 301 I’NPTs'lp.l
NRAY & Tel
301 S(T) = S(NRAY)
FORMAT(1X,4(E12,4,3X))
TYPE 454,5¢1),8(2)
TYPE 4%54,85(3),8(4)
TYPE 4%54,5¢5%),8(6)
TYPE 454,S(NPTS/2+1) )
TYPE 454,S(NPTS/2),S(NPTS/2+2)
TYPE 454,S¢NPTS),S(NPTS»1),S(NPTS=2)
TYPE 454,S¢NPT8/2«1),5(NPT8/22)
TYPE 454,S5¢NPTS/2+3),S5(NPTS/2+4)

Qo
o
n
>

(e Re R=Re e R o Ro Rv N

NV2 2NPTS/2
NM{ = NPTSwl
J =
DS = 1,/FLOAT(NPTS)
DO 7 I=1,NM1
IF (1,GE,J) GO TO &
T a S(J)
8(J) = S(IY
8(T) = T
] K = NyZ
6 IF (X,GE,Jy GO TO 7
Ja JekK
KxK/2
GO TO 6
7 J s JeK
PI 3 3,1418926%4
PO 32 Lai,MPOWR
LE m2x#l
LE1 s LE/2
FLE1s FLOAT(LE1)
U s (lnlglﬁi
PL3PI/FLEL
PL sePL
B(1) = COSfPL)
R(2) = SIN(PL)
nOo 26 J=1,LE1
DO it InJ,NPTS,LE
1P mI4+LEY
TeS(1P)#U
S(IPISS(I)eT
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11
39

40

209

300
210

jvBiv R o o Rv

8(I) =S(I)sT

UsUnW1

CONTINUE

NOP = NPTSri
IF(NWAY,EQL1) GO TO 200
DO 40 I=0,NOP

IDX = 141

XX2 = DS#REAL(S(IDX))
S(I) = CMPLX(XX2,8,.,0)
GO TO 210

DO 3@p Im@,NOP

IDX1 & I+1

XYZ = (CABS¢S(IDX1)))«DS
XX3 = XYZ#XYZ

S(Y) = CMPLX(XX3,0.m)
CONTINUE

TYPE 454,S8(®),S(1)

TYPE 4%54,S502),8(3)

TYPE 454,5¢4),8(5)

TYPE 4%54,58(6),5(7) .
TYPE 4%4,5(NPTS»4),S(NPTSe3)
TYPE 454,8¢NPT8w?2),S(NPTRe1)
RETURN

END
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Subroutine CFFT
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SUBROUTINE CFFT, CALCULATES FFT OF ANY DATA ARRAY
NUMBER OF DATA POINTS IS POWER OF 2(M)

nnaao

SUBROUTINE CFFT(MPOWR,NPTS,S,NWAY)

DIMENSION B(2)
COMPLEX S$(B/32768),U,T,wW!
EQUIVALENCE (W1,B)
Do 3ot I:NPTS'lgﬁl
NRAY = I=i
301 S(I) = S(NRAY)
D454  FORMAT(1X,4(E12,4,3X))
TYPE 454,5¢1),5(2)
TYPE 454,5¢3),6(4)
TYPE 454,5¢5),8(6)
TYPE 454,S¢NPTS/2+1)
TYPE 454,S(NPT8/2),S(NPT8/2+2)
TYPE 454,S(NPTS),S(NPTSe1),S(NPTS=2)
TYPE 454,S(NPTS/2«1),S(NPTS8/2=2)
TYPE 454,5(NPTS8/2+43),8(NPTS/2+4)

NOAVOO0OOTCTOUVUO

NV2 aNPTS/2
NMt{ 3 NPTSetl
J = 1 )
DS ® 1 ,.,/FLOAT(NPTS)
PO 7 I=i,NM1
IF (I.GE,JY GO TO 5
T = S(J)
S(J) 5 S
StI) = T
5 K = NV2
6 IF (K,GE,J)y GO TO 7
Jz Je=K
KeK/?2
GO TO 6
7 J = J+K
PI = 3,1418926%4
no 32 L= ,MPOWR
LE m2&4#L
LEY = LE/2
FLEl=s FLOAT(LEl)
Us (l.,@.ﬂ)
PL=PY/FLE1
PL =mePL '
B(1) = COS(PL)
B(2) & SIN¢PL)
PO 20 Jei,LE1
PO 11 I=J,NPTS,LE
Ip =1:LEY
T=S(IP)#lU
S(IP)YaS(I)eT
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42
200

300
218

O00000C

SCI) aS(I)e+T

UstUi#wWi

COMTINUE

NOP = N?TSri

TF(NWAY, EQ,.1) GO TO 240
DO 40 T30,NOP

IDX @ T4t

XX2 = DS*REAL(S(TDX))
S(I) = CMPLX(XX2,0.8)
GO TO 214

DO 330 I=0,N0P

IDXY = I+

XYZ 3 (CABS(SCIDX1)))#DS
XX3 = XYZ#RYZ ,

S$(1) = CMPLY(XX3,0,0)
CONTINUE

TYPE 4%4,St0),8(1)

TYPE 454,8(2),8(3)

TYPE 454,85¢4),8(5%)

TYPE 454,5(6),8(7)

TYPE 454,S(NPTSe4),S(NPTSe3)
TYPE 454,S(NPTS«2),S8(NPTSe!)
RETURN

END



Subroutine DGELG
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SUBROUTINE DGELG

PURPOSE
TO sOLVE A GENERAL SYSTEM OF SIMULTANEOUS LINEAR EGUATIONS.

USAGE
CALL DGELG(R,A,M,N,EPS,IER)

DESCRIPTION OF PARAMETERS

R « DOUBLE PRECTSION M BY N RIGHT HAND SIDE MATRIX
(DESTROYED). ON RETURN R CONTAINS THE SOLUTIONS
OF THE EQUATIONS,

A « DOUBLE PRECJSION M BY M COEFFICIENT MATRIX
(DESTROYED) .

M e THE NUMBER OF EQUATIONS IN THE SYSTEM,

N e THE NUMBER OF RIGHT HAND SIDE VECTORS.,

EPS SINGLE PRECISION INPUT CONSTANT WHICH IS USED AS
RELATIVE TOLERANCE FOR TEST ON LOSS OF
SIGNIFICANCE.,

TIER = RESULTING ERROR PARAMETER CODED AS FOLLOWS
IER2@ = NO FRROR,

IERz«{ » NO RESULT BECAUSE OF M LESS THAN 1 OR
PIVOT ELEMENT AT ANY ELIMINATION STEP
EQUAL TO @, ,

IERsK = WARNING DUE TO POSSIBLE LOSS OF SIGNIFI=
CANCE INDICATED AT ELIMINATION STEP K¢i,
WHERE PIVOT ELEMENT WAS LESS THAN OR
EQUAL TO THE INTERNAL TOLERANCE EPS TIMES
ABSOLUTELY GREATEST ELEMENT OF MATRIX A,

REMARKS
INPUT MATRICES R AND A ARE ASSUMED TO BFE STORED COLUMNWISE
IN MaN RESP, MaM SUCCESSTIVE STORAGE LOCATIONS ON RETURN
SOLUTION MATRIX R IS STORED COLUMNWISE TOO
THE PROCEDURE GIVES RESULTS IF THE NUMBER OF EQUATIONS M IS
GREATER THAN @ AND PIVOT ELEMENTS AT ALL ELIMINATION STEPS
ARE DIFFERENT FROM 0. HOWEVER WARNING JERsK = IF GIVEN = =
INDICATES POSSIBRLE LNSS OF SIGNIFICANCE, IN CASE OF A WELL
SCALED MATRIX A AND APPROPRIATE TOLERANCE EPS, IER=K MAY BE
INTERPRETED THAT MATRIX A HAS THE RANK K, NO WARNING I8
GIVEN IN CASE Mgi,

SUBROUTINES AND FUNCTION SURPROGRAMS REQUIRED
NONE

METHOD

SOLUTION IS DONE BY MEANS OF GAUSSELIMINATION WITH
COMPLETE PIVOTING,
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SUBROUTINE DGELG(R,A,M,N,EPS,IER)

DIMENSION A(1),R(1)
DOUBLE PRECISION R,A,plV,TR,TOL,PIVI
IF(MY23,23,1

SEARCH FOR GREATEST ELEMENT IN MATRIX A
IER=Q

Plvea DO

MMaMuM

NMaN#M

DO 3 L=i,MM

TBsDABS(A(L))

IF(TRePIV)I, 3,2

PIVaTB

Isl,

CONTINUE

TOLZEPS#PIV _

A(1) IS PIVOT ELEMENT., pIv CONTAINS THE ABSOLUTE VALUE OF A(I),

START ELIMINATION LOOp
LSTa1
DO 17 Ks1,M

TEST ON SINGULARITY

IF(PIVY23,23,4

IF(IER)7,5%,7

IF(PIVeTOLY6,.6,7

TER=Ket

PIVI=1.DO/A(Y)

Je(lslI/M

InJed#MaK

JEJe 1=K _
I+K IS ROWSINDEX, J+K COLUMNINDEX OF PIVOT ELEMENT

PIVOT ROW REDUCTION AND ROW INTERCHANGE IN RIGHT HAND SIDE R
DO 8 UmK,NM, M

LimLel

TBapPIVIsR(LIN

R(LLY=R(1)

R(L)=TRB

1S ELIMINATION TERMINATED
IF(KeM)9,18,18
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COLUMN INTERGHANGE IN MATRIX A
LENDsLST4MaK

IF(IY12,12,10

IlsJuM

DO 1t LsLST,LEND

TB=A (L)

LLaLeIl

A(LImA(CLL)

A(LL)Y=TB

ROW INTERCHANGE AND PIVOT ROW REDUSTION IN MATRIX A

DO 13 LeLST,MM,M
LLsL+]
TBasPIVI#A(LL)
A(LLYysA(L)
A(L)=TR

SAVE COLUMN INTERCHANGE INFORMATION
A(LST)®mJ

ELEMENT REDUCTION AND NEXT pIVOT SEARCH
Plvaa, D@

IL.STeL.ST+ 1

Jo

DO 16 II=LST,LEND
PIlvis=A(Il)

ISTRII+M

JEJ+q

DO 15 LaIST,MM,M
LLsLeJ
A(LY=ACLY+PIVI#A(LL)
TB=DABS(A(L))
IF(TBePIV)15,15,14
PlvaTB

I=1,

CONTINUE

DO 16 LsK,NM,M

LleLsd
R(LL)IBR(LL)+PIVI#R(L)
LSTRLST«M ]
END OF ELIMINATION LOOP

BACK SUBSTITuUTION AND BACK INTERCHANGE
IF(Me1)2},22,19

ISTaMM¢M

LSTaM+1

Il1al8Tel

ISTRIST=LST

LBI1STeM



ana

21
22

23

L®A(L)+,5D0

PO 21 JmII,NM,M
TBaR(J)

LlLwyJ

DO 20 KsIST,MM,M
LLaLL+{
TBaTBeA(K)#R(LL)
KsJs+L
R(J)aR(K)
R(K)=TB

RETURN

ERROR RETURN
IER;-I
RETURN

END
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Subroutine FAC1
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Cc SUBRQUTINE FAC1: COMPUTES K!/{ (K-M)IM!)

SUBROUTINE FACT(K,M,AKN)

C
IF (K.EQ.¢.0R.K.EQ.1T) GO TO 35
FK =PICAT (K) _
FKC = FK
DC 39 I=1,K~1
AT =FLOAT(TI)

3¢ FK = FK* (FKC-AI)

35 IF (K.FQ.1.0R.K,EQ.¢) FK =1.
IF (M.EC.1.CR.M.EC.€) GO TO 45
FM = FLCRT (¥)
FMC = FM
DO 47 I=1,M-1
AI = FLOAT(I)

ug TM = FM* (?MC~-AT)

45 IF (M.FQ0.1.0R.M.50.2) FM = 1,
FMK = FLCAT(K) -FLCAT (M)
IF (FKM.F2.1..0F, FKF.EC.2.7) GO TO 55
KM = K=-M-1
FKMC = FKp
DN 58 I=1,KM
AT = PLCAT(T)

50 FKM = FKM* (FKMC-AT)

5 IF (FKM.EC.1.G. CR.FKM. EQ.%. %) FKM=1,2

AKM = TK/ [FRMXF V)
RETURH
END

163



164

Program FINAL



noanannnNaaanaanann

nan

450

1001
1750
1781

PROGRAM FINAL, ATMOSPHERIC TURBULENCE TASK

ITEM 2(REVISION 2&3), PARTS 6,7,8, AND 9, PHASE 11 OF ATMOSw
PHERIC TURBRULENCE

MEAN VALUE SUBTRACTED FROM DATA BEFORE COMPUTING SPECTRUM
COMPONENT WITH LOW FREOUENCY CONTAMINATION

REQUIRES SUBROUTINEg GAM,pAR! & INTERPOLATION

ROUTINES ANRP1s AK1 REQUIRES PAR,AKDAT,SIMQ,DGELGH

USES SUBROUTINES TRAP(3&6) AND SIMP2 FOR INTEGRATIONS

ALSO USES SUBROUTINE SET AND FUNGTION DECT INCLUDED IN PROGRAM

‘LMAX MAX wm 18j) NCOUNT MAX = 103 NXIH MAX = 298y M MAX = 4

DPATA FILES READ BY PROGRAM AREt
AUTOS AUTOCORRELATION «FROM ATURB?2

PATA FILE CREATED By THIS PROGRAM ARE}
IT™M21 VALUES OF CAP R (XI), PART 9,K, ITEM 2 ,
ITM2Lg VALUES OF SIGMA SQRD#L#PHY or KeKLYy, PART 9.L

DOUBLE PREEISION AMTRX,XC,DIJ,A,SUM,AM,81,82,R!,CJ,ALG2
DOUBLE PRECISION §3,84

COMMCN/BB/X(3),AKI(3),XPL
COMMON/TRS /DELX1, NXIHI:AISI(B/29EI
COMMON/TR2/DFLXoNXIH:AIZT(Z/29G)

DIMENSION DIJ(7,7).,RIC7).CJI(T)

DIMENSION AL(@/11),81G2(2/11),PH1(2/188),PH2(02/1002)
DIMENSTON PHI(0/11,0/290),PHIL(A/11,8/298),A1(0/6)
DIMENSION AT3(2/4,3/11),AY4(08/4, w111).A15(a/11) Al6¢0/11)
DIMENSION AI7(0/9),A18(8/4),RL(A/290)

DIMENSION £1G2J(2/11),XC(6), A(6,6) s, AMTRX(36)

DIMENSTION AI1(2/13),AT2(0A/11),A14T(0/4), RI3T(2/4)
DIMENSION NDO(O/11), Nupata/ila.ELErT(elila

DIMENSION swAyta/lt) AISX(O/11),AI6%X(P/11)

TYPE 450 _
FORMAT(? HAS DATA BEEN COMPUTED 27,/8)
ACCEPT 807,AND11

IF (AND11,EQ0.°Y?) GO TO 451

TYPE 1001 o

FORMAT(/1X, *INPUT DELX,LMAX?,/8)

ACCEPT 175%¢,DELX,LMAX

FORMAT(2G)

TYPE 1751 L
FORMAT(? I8 RECORD TRANSVERSE OR LONGITUDIONAL (T OR L) “,8)
ACCEPT 807,WHICH
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907 FORMAT(AS)
PELX1s DELK

SIGMA SQRD g L COMPUTED FROM PROGRAM PARTS

aann

20’
10’
49’
sa:
69 .
940
86,

AL (%)
AL(1)
AL(2)
AL(3)
ALc4)
ALCS)
AL(B)
ALC7)
AL(8)
ALC9) s 110,
AL(10) = 120,
AL(11) a 1),
§IG2(a) 339271
§IG2¢1) 3400205
S1G2(2) = .3666069
SIG2(3) = 4709919
§1G2(4) 4378971
SIG2(S)

’
S1G2(6)

14753911
15126825
S1G2¢7)
8I1G2(8)

.5494336

5855068
SIG2(9) = .6208566
SIG2(10) = 6554832
SIG2¢11) = ,73219

20N A RBUERNN

PART 7, REQUIRES SURROUTINES GAM, TRAP(3&6),AK
COMPUTES VONeKARMEN AUTOCORRELATION

aona

TYPE 1511 | )
1511 FORMAT(® INPUT HIGHEST INDEX OF XI, EH, & M, ¥¢3)
ACCEPT 1752,NXIH,EH, MM
1752  FORMAT(3G)
NXTH1aNXTH
PI = 3,14189265
C115 t 4 11.(6.
€56 » 5,/6,
43 = 4,73,
CALL GAM(C116,G1)
CALL GAM(C43,62)
GAM13 = 2,67893853
BETA = 2,#G1#(PL##,5)/(5.%G2)
€23 = 2,/3,
€13 = 1,73 .
CONST = «BETA#(2,##C23)/GAM13
CONS1 = BETA/(GAM13w2,##C13)
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CONS2 = ((2, *#%#C23)/GAM1Y)Y

PH2(@) = 0,0

PHI(O) = 1,0

Do 1270 1-1,1a¢

£l & _1sl

CALL AK(¢1,E1,AK1)

CALL AK(2,E1,AK2)

PHI(I) = CGNSZ*(EliuC13)*AK1-CON82'(EIG*C13)lAchtilz.
IF (WHICH.EG.'L')PHI(I) u CONS2#

1 (E1wxC13)4AK]
PH2(I)SCONSI#((E1#%C43)#AK1 =
1 B.#(ElxuC13)8AK2/3,)

IF (WHICH, EQ.‘L‘)PHZ(I) ® CONSTH#(E1##C13)#AK2
1070 CONTINUE

D TYPE 610@,PH1(97),PHI(98),PH1(99),PH1(108)
D6100 FORMAT(*® PHit *,4G)
D] TYPE 6101,BH2(97), PH2(98),PH2(99),PH2(100)

D6101 FORMAT (Y PH2 1°,46)

INTEG AL 1 TO 4
11 AND g = @ IF MORE THAN 10@ PTS USED (NUPR IS ARRAY INDEX)
TF LESS THAN 18@ PTS USED IN INTEGRAL, SIMPSON‘S RULE

1S USED UP ro LAST WEVEN® PT IN INTEGRAL, THE END OF THE
INTEGRAL Ig DONE AS PER HILDEBRAND (P,111) FOR THE REMAINDING
PART OF THE INTEGRAL (USING TERMS UP TO THE FOURTH POWER)

(e e ReEeEeNeRe Ne)
i Bs
o
4:

EBAR s _1/RETA
DO 6@68 L, » @,LMAX+1
EHMAX » EH/AL(L)
NUPR(L) ® IFIX(EHMAX/EBAR)
NDOCL) = @
IF (NUPR(LY,GT,.178) NUPR(L) ® 109
IF (NUPR(L)Y ,E0Q,182) GO TO 444
NDO(L) = 1 ,
AODD = FLOAT(NUPR(L)Y)/2,
NODD = NUPR(L)/2
REM = AODD = FLOAT(NODD)
IF (REM,GE’,5) NUPR(L) m NUPR(L) el
ELEFT(L) s EHMAX = FLOAT(NUPR(L))Y#EBAR
D TYPE 447,A6DD,NODD,REM,ELEFT(L)
D447 FORMAT(% AODD,NODD,REM,ELEFT(L)Y 1%,G,2X,13,2%,2G)
444 CONTINUE
D TYPE 69@3,NUPR(L),L
D60e) FORMAT(# NUPR(L) ® #,714,¢ 1. INDEX =7,13)
DO 3292 Isd,NUPR(L)
E = EBARsl
AI2I(T) = PHICI)#PH2(I)#E
AISI(I) = PHI(I)#PHI(I)
DO 30p3 J=d,MM
J1 = Jet
PRI(J,I) = (E##J1)#pH2(I1)
PHI{(J,I) = (ExxJ)#pH1(I)Y
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3083 CONTINUE

3682  CONTINUE .
CALL SIMP(EBAR,NUPR(L),AT2T,21)
CALL SIMP(EBAR,NUPR(L),ATSI,A2)

AI1(L) = At

AI2(L) = A2 L

IF (NDO(L).EQ.8) GO TO 44%
D TYPE 449,%,AT1CL),AT2¢L)

D449 FORMAT(® FOR L 7,13, AI{ a*,G,% AI2 =¢,G)
AI1(L) 3 AI1(L) 4 DECT(ELEFT(L),AI2T,NUPR(L))

D TYPE 448,AT1(L)

D448 FORMAT(® AT) =°,G) _

ATI2(L) 3 AI2(L) + DECT(ELEFT(L),AIST,NUPR(L))

445 CONTINUE

n TYPE 6609,L,AI1(L),AI2(L)

D66G9 ronMAT(1x.‘L AI1,AI2 1°,1X,14,26)

DO 3004 JJ=0,MM
DO 3124 I=p,NUPR(L)
A12I¢1) s PHI(JJI, D)

3104 AISICI) = BHIL(JJ, 1)

CALL SIMP(EBAR,NUPR(L),AT2T,A1)
AIZ(JJ,L) s A1 _

CALL SIMP(EBAR,NUPR(L),AISI,A2)
AT4(JI,L) = A2 _

IF (NDO(L) EQ,?4) GO TO 446

D TYPE 453,J9,L,A13(JJ,L),AT4(JJ,L)

D453 FORMAT(?JJ, L.Axa.AI4a'.13 1X.12,1X,26G)
AY3(JJ,L) = AI3(JJ,L) + DECT(ELEFT(L),AI2I,NUPR(L))
AT4(JJ,L) = AI4(JJ,L) + DECT(ELEFT(L),AISI,NUPR(L))

446 CONTINUE

D TYPE 66@8,J0,L, AT3CJ, L), AT4(JJ, L)

D668  FORMAT(1X,¢J,L,AT3,AT4 $°,2X%,214,26G)

3604 CONTINUE

6068 CONTTINUE

o READ IN AUTOCORRELATION F¥N'

CALL IFILE (29,*AUTO*)
READ (20,904
READ(20,1988)FLE
1950 FORMAT(/1X, *AUTOCORRELATION OF STATIONARY SAMPLE?,/iX,
1 *DATA TAKEN FROM FILE ¢,2S)
READ(27,908)NPTS, TWOL,MPTS, FTM1
READ(29,907)MZERO
READ(20,910)WBAR, VAR
READ (27, 9%1)WSUM

951 FORMAT(/1X, €W OF L(X)##2> m ¢,F12,4)
READ (2@, 381)XAOFF, MAOFF
381 FORMAT(/1X,* TRUCATTON POINT WAS#,G,? METERS’,/iX,

1 ¢WHICH CONTAINS #,17,¢ POINTS?)
READ(20,19%2)
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1992

1823
1915

4324

nana

7023

7924
7886

7007

FORMAT(//1X, *PRINTOUT OF THE VALUES OF THE AUTOCORRELATIONS,
/1X,8X,?X?%,12X,"* RL *,9X, *RL/RA?)
DO 1823 I=é,NXIH

-READ(29, 1915)DEL RL(I),YY

ronMATtix.aczx.G))

END FILE 20

TYPE 4324,RL(NXIH)
FORMAT( ¢ RL(NXIH) =¢,G)

DETERMINE WHETHER SIMpSON’S RULE OR TRAP, RULE IS TO BE
USED IN INTEGRAL IS & 16

PO 7823 Ls@,LMAX+1

ER = DELX/AL(L)

FWAY(L) = °TRP’

IF (EB.GT,PBAR) EWAY(L) = #8Mp#

LCHNG = .2

TP & |

DO 7024 Lsp,LMAX+i

IF (EWAY(L) EQ.'SMP') TP 2 0

TF (EwWAY(L)Y, EQ.'SMP') LCHNG = L

IF (TP.EQG,1) TYPE 7p06 .

FORMAT(®* SIMPSONS RULE NOT USED FOR IS & J67)

IF (TP,EQ,0) TYPE 7007,LCHNG .
FORMAT(* SYMPSONS RULE USED IN ISg 16 UP TO L INDEX =7,13)

DO INTEGRAL I5 AND Y6 WHEMN E/L » EBAR

IF (TP.EQ,1) GO TO 7008

DO 7050 Laﬁ LMAX+1

1IF (EWAY(LY,EQ,*TRP¢) GO TO 7050
ALRAR = AL(L)QEBAR

DO 7602 Isp,NUPR(L)

ALDT = I#ALBAR ‘

NPLCE = IFIXC(ALDT/DELX4.5)

IXMID = NPLCE

IXLOW ® IXMID e 1

IXHIG = IXMID+ 1 .

1 (IXMID,EG,2) IXLOW = ¢

IF (IXMID,F0.2) IXHIG = 2

IF (IXMID,EQ,®) IXMID = 1

IF (IxMID, rz NXIH) IXLOW = NXIHe?2
IF (IXMID,GE,NXIH) IXHIG m NXIH
1F (IXMID.GE.NXIH) IXMID = NXIHet
AKI(1) = RLCIXLOW)

AKI(2) = RLCIXMID)

AKT(3) ® RL(IXHIG)

X(1) = IXLOWSDELX

X(2) = IXMID#DELX

X(3) = IXHIG#DELX

XPL = ALDT

CALL PARAB(AKZ)

RLYI = AKZ

EsEBAR#Y

AI2I(CI) = ExPH2(I)#RL1 169



7002 ATSICI) = PHI(I)w#RLY _
CALL SIMP(EBAR,NUPR(L),AT21,A3)
CALL SIMP(EBAR,NUPR(L),ATST,A4)
AIS(L) = AY/RL(®)
AT&(L) = A4/RL(®) _
D TYPE 7449,L,AIS5(L),AT6(L)
D7449 FORMAT(? L,AI5,AI61¢,36)
IF (NDO(L).EG,P2) GO T0 7050 ,
AIS(L) = AIS(L) + (DECT(RLEFT(L),AI2T,NUPR(L))I/RL(D)
AISG(L) = AT6(L) ¢ (DECT(ELEFT{L),AISI,NUPR(L)))Y/RL(D)
D TYPE 74508,AIS8(L),AT6(L)
D74592 FORMAT(?* AIS,AI6:',20)
70%0 CONTINUE

INTERPOLATE PH{ AND PH2 WHEN E/L < EBAR

~0nnonaa

228 DO 1050 Lzg,LMAX+!1
IF (L,LE,LCHNG) GO 70 10%0
PHI(L,?) = 1,0
PHI1(L,0) = 0,0
EB = DELX/AL(L)
D TYPE 1671,ER,EBAR
D1871  FORMAT(® ER 3°,G,° EPAR a*,G)
XMAX2 s DELX#NXIH
XMAX! = 100,#EBAR
DO 2871 JX = 1,NXIH ,
IXMID = IFTX(EB#JX/EBAR+.S)
IXLOW 8 IXMIDel
IXHIG = IXMID#1
IF (IXMID,GE,12@) IXHIG = 100
IF (IXMID,GE,104) TXLOW = 98
IF (IXMID,GE,18A) IXMID = 99
IF (IXMID,EQ,@8) IXHIG = 2
IF (IXMID,EQ,8) IXLOW = &
IF (IXMID,EQ,®@) TXMID = 1
AKI(1) = PH1(IXLOW)
AKI(2) = PH1(IXMID)
AKIC3) = PH1(IXHIG)
X(1) = IXLOW#EBAR
X(2) = IXMID#EBAR
X(3) = IXHIG#EBAR
XPL = EBaJX |
IF (XPL,GT.XMAX1) GO TO 2072
CALL PARAB¢AKZ)
PHI(L,JX) = AKZ
AKTI(7) = PH2(IXLOW)
AKI(2) = PH2(IXMID)
AKI(3) = PH2(1XHIG)
X(1) s IXLOW#EBAR
X(2) = IXMID#EBAR
Xc1) s IXHIG#EBAR
XPL = ER#JX
170 CALL PARAB(AKZ)
PHI1(L,JX) a AKZ



2872 IF (XPL, GT,xMAx1) PHICL,JX) = 6,0
: IF (XPL.GT XMAX1) PHII1(L,JX) = 2.0
20871 CONTINUE
1082 CONTINUE

e INTEGRALS § AND 6 WHEN E/IL < EBAR

PO 3018 Lwd,LMAX+!

IF (L.LE,LECHNG) GO 70 301p

DO 3811 Ima,NXIH

AISTICI) » DELX®I#PHI1(L,Ty#RL(I)
301} AI2I(I) = PHIfL,I)#RL(I)

CALL TRAP2fAIXY) |

AI6(L) & ATXY/C(RL(Z)#AL(L))

CALL TRAPSCAIXY) |

AIS(L) a ATIXY/(RL(O)#AL(LYSALCL))
1010 CONTINUE

D DO 3019 Lup,LMAX+! .

n IF (EWAY(L)Y , EQ,*SMP?) GO 70 3219
D TYPE 6087,L,AI5(L)

) TYPE 60028,1,AI6(L)

D3219 CONTINUE
neea? FORMAT(¢ FOR Lm*,I13, i OATS t';G)
négas FORMAT(# FOR Ll'.!3.' Al =¢,0)

¢ INTEGRAL 18(J)

DO 1080 J2 = @,MM
DO 1081 T=@,NXTH

1281 AI2I(1) % ((DELX#I)u#J2)%RL(T)
CALL TRAP2(AIXY)

10680 AY8(J2) = AIXY

o INTEGRAL 1%(J)

MMTHO = 28MM X
DO 1AR4 J2 ®A,MMTWD
TEX » J241 _ ,
1084 A17(J2) ® (EH#*IEX)/(FLOAT(J2) + 1,)
D TYPE 5219,A17(MMTHO)
D5219  FORMAT(® FINAL VALUE OF 17 ISt%,71X,G)

¢
c START ITERATION
e
451 NCOUNT m =i
19 NCOUNT = NECOUNT 41
TYPE 4 , ) ‘
4 FORMAT(® PYCK A SIGMA SQRD AND ITS ASSOCIATED L INDEX?,/$)

ACCEPT 1753,8IG2J(NCOUNT)Y,LSIG
1783 FORMAT(2G)
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6256

7810

7212

1911

D9084

172

DETERMINE CLOSEST MIDPT FOR INTERPOLATION ROUTINES

DIYL = ABS¢SIG2J(NCOUNT)wSIG2(LSIG))
DIY2 = ABS(sIG2J(NCOUNT)-SIG2£LSIG+1))
LCTR = LSIG

IF (DIY2, Lr,DIYL)Y LCTR 3 LSIG ¢+ |

TYPE 7428, LsIG LCTR

FORMAT(¢ LSIC m%,I3,¢ LCTR -'.13)

CALL INTERPOLATION ROUTINES

CALL SET(AL,SIG2,SIG2JU(NCOUNT),LCTR,BK1)
ALINT = BKj

TYPE 6056,81G2J(NCOUNT),ALINT

FORMAT(® FOR SIGMA SORD s¢,G,¢ L INT =2¢,G6)

IF (LCTR,LT,(LCHNG+2)) GO TO 7412
DO 7010 Laa,LMAX+1

AISX(L) = AISCLI®ALC(L)I®AL(L)
AI6X(L) = AI6(L)#AL(L)

CALL SET(AISX,AL,ALINT,LCTR,BK1)
AIST s BK1/(ALINT#ALINT)

CALL SET(ATI6X,AL,ALINT,LCTR,BKY)
A16T = BK1/ALINT

GO TO 7011

CALL SET(A1S%,AL,ALINT,LCTR,BK1)
AIST = BKi

CALL SET(AI6,AL,ALINT,LCTR,BK1)
AI61 = BK1

CALL SET(AXt1,AL,ALINT,LCTR,BK1)
AI1T = BK1

CALL ANTRP¢LMAX,ALINT,AL,LSIG,AI2,AI2T)

TYPE 9684 ,AIST,AI6Y,A11T,AT2Y

FORMAT( FOR INT AIsI f,6,°AT161 =¢,G,°AlIT 8¢,G,°A12T a’,G)

DO 6069 IJK =@, MM
AKI(1) = AI3I(IJK,LCTRel)
AKI(2) = AI3(IJK,LCTR)
AKI(3) = AT3I(IJK,LCTR+1)
X(1) = AL(LCTRe1)

X(2) = AL(LCTR)

X¢3) = ALC(LCTRe1)

XPL = ALINT

CALL PARAB(AKZ)
ATIT(1JK) = AKZ

AKI(1) = AT4(IJK,LCTRel)
AKI(2) = AT4(IJK,LCTR)
AKI(3) = AT4(IJIK,LCTR+1)
X(1) = AL(LCTRe1)

X(2) = AL(LCTR)

X(3) = ALC(LCTR+1)

XPL = ALINT

CALL PARAB¢AK2Z)
AIAT(IJK) = AK2Z



D6@19
6069

7004

aoannaog

3014
3013

D72063
D7085

10
20

TYPE 6010, TJK,AI3T(IJK),AT4T(1JK)
FORMAT( ¢ J -‘.IJ.'AIJT =%¢,G,°AT4T =4,06)
CONTINUE

COMPUTE DEL(L)/DEL(STGMA SQRD)

AKI(1) = SIG2(LCTRe1)
AKI(2) = STIG2(LCTR)
AKI(3) = SIG2(LCTR+1)
X(1) = AL(LCTRe1)
X(2) ® AL(LCTR)

X(3) ® AL(LCTR#1)

XPL = SIG2J(NCOUNT)
CALL PAR1(BLDS)

TYPE 7004,DLDS
FORMAT(® DLDS = #,G)

COMPUTE COEFFICIENTS XC = R,H,S,, ARRAY A = L,.H,8,

XC(1) = RLEG)#(=8TG2I(NCOUNTI#DLDSHATST+ALINT#AI6T)

AC(1,1) ® «SIG2J(NCOUNTI#NLDS*ATIT+ALINT#AI2T

DO 3013 K=2,MM+2

K2 =% Kn2

LeX

L2 = K2

XC(K) = AI$(K2)/ALINT##K?

ACK,1) = ALINT#AT4T(K2)

AC(1,L) m =8XG2J(NCOUNT)I#DLDS#(ALINT##L2)#AT3T(L2)
+ (ALINT##(Lw1)Y#AI4T(L2)

DO 3214 LA » 2,MM32

LAK = K4LAe4 .

A(K,LA) = (ALINT##(LA=LAKe2))#AT7(LAK)

CONTINUE

TYPE 7003,XCC1),AC1,1),A¢1,2)

TYPE 700%,XC(2),A(2,1),A72,2)

FORMAT(® XC(1),Al1, 1) AC1,2)1%,36)

FORMATC® XC(2),A€2,1),AC2,2)t%,3Q)

DO SIM, LINEAR EQN ySING DOUBLE PRECISION PROGRAM DGELG

MM2 = MM42

ALG2 = DLOG1@(2,D8)

MM3 = MMe)

Do 10 Ilt,MM2

DO 10 Js1,MM2 o

DIJ(I,J) = DLOGIA(DABS(A(I,J)))I/ALG?2

DO 20 Imi,MM2

DIJCI,MM3) = DLOGlﬂfbABStxc(I)))/Abcz

IF MM =4 USE DOUBLE PRECISION CONSTANTS BELOW
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o IF NOT USE FOLLOWING LOGTC
DMM23 = 42.D¢
DMM2 = 6.Dp
DMM3 s 7,D0
IF (MM,NE,P#) GO TO §683
DMM23 = 6,0
DMM2 & 2,D@
DMM3 = 3,09
GO TO 6681
6683 IF (MM, NE,1) GO TO §68¢
DMM23 ® 12.D0
DMM2 = 3.D0
DMM3 & 4,D@
GO TO 6681
6680 IF (MM,NE,2) GO TO 6682
DMM23 = 20,09
DMM2 = 4,Dp
DMM3 = 5,.D¢@
GO TO 6681
6682 IF (MM,NE,3) GO TO 6681
DMM23 = 32.D0
DMM2 = 5.,Dd
pDMM3 =w 6,D0
6681 SUM = 2,0
DO 30 Jsi,MM3
PO 30 Imi,MM2
30 SUM = SUM +DIJ(I,J)
AM E «SUM/DMM2)3
DO 40 Imi,MM2
St = 8,0
DO 52 Jmi1,MM3
50 81 ® S1 ¢ (DIJCI,J)eAM)
40 RIC(I) ®» =51/DMM]
DO 6 Jm1,MM3
s2 = 2,8
DO 70 T=i,MM2
70 82 ® 8§82 ¢ (DIJ(I,J)eAM)
60 CJI(J) = =»S9/DMM2
DO 84 Jxi,MM2
IX ® (Jel)#MM2
DO 86 Imi,MM2 R
80 AMTRX(TI4IX) ® A(I,J)%2,.D0uu(RI(IV+CI(JII+AM)
DO 90 TImi,MM2
90 XC(I) B XCEI)#2,D0#u(RICTI+CI(MMII$AM)
S3 = 2,0
PO 110 I=1,MM2
110 $3 = 83 ¢ RICI)
84 = 0,0
DO 122 J=m1,MM3
120 S4 = S4 ¢+ €I _
CALL DGELG¢XC,AMTRX,MM2,1,1,Ee192,IFR)
TYPE 3216, IER
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3816 FORMAT(? IER ® *,G)
DO 109 Imi,MM2

100 XCcl) = XC(I)uz li(CJ(I)-CJ(MM3))
SIG2J(NCOUNT+1) = XC(1)
TYPE 162ﬁ.NCOUNT.XC(1)

1620 FORMAT(? FDR NCOUNT =¢,I2,¢ SIGMA SQRD =°,G,/1X)

28 TYPE 1627 |
1627  FORMAT(# STOP LOOP ? (Y OR N) *,3)
ACCEPT 807,STOP
IF (STOP,E@,*N®) GO TO 19

c
e COMPUTE FINAL A’S
¢
DO 3217 L=p,MM2
3817 AT¢Le2) = XC(L)
c .
o TYPE OUT FINAL RESULTS
o
31 TYPE 1628,NCOUNT,ALINT,XC(1)
1628 FORMAT( ¢ ON LAST PASS NCOUNT =¢,13,% L =¢,G,/1X,
1 ‘AND SIGMA SQRD =°,3)
DO 32 12 = o,MM
32 TYPE 1629,72,AI(I2)
1629 FORMAT(? A¢°*,12,%) =2%,G)
c
o COMPUTE R(X%I), PART 9,K
o

CALL OFILE¢20,°ITM24)
WRITE(20,91%),MM,EH,FLE
WRITE(20,1632)ALINT, XC(1) _ -
1632 EORMAT(/lX.‘OUTPUT FOR PART 9,.K?,/1X,°WITH I, =°*,G,
1 * AND SIGMA SQRD =a’,G)
DO 7016 Iaop,MM
7816 WRITE (20, 7015) 1,AIc¢I)
7815 FORMAT(® COEFFICIENT AC%,.11,°) = *,G)
WRITE(20,1631) o . . .
1631 FORMAT(/3X/," XT%,12Xs"R{XI)*,12X,"XI CONTD*,8X,*R(XI) CONTD?*)
ARG = ALINT®,1/BETA
NX2 8 IFIX¢EH/ARG)
NX12 = (NX2/2) = 1
DO 41 1=20,NX12
E1 s ARGsI
E2 & ARGH(T+NX12+1)
SUM1 = @,
suUmM2s 0,
DO 42 1o = @,MM
SUM2 s SUMRLAIC(IA)#E24410
42 SuMmi = SUMI+AItIﬂ)lE1i*Iﬂ
IF (I GT,100) R = SyM1
IF (I,.GT.100) GO TO 43
R = XC(l)*PHl(I)+SUM1
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43

41
1630

1633

7213
7014

44

915

900
923
906

927
9180

9999

176

IF ((I+NX12+41),GT,100) R2 = SUM2
TF ((I+NX12+1),GT,1008) GO TO 41
R2 ® XC(1)%PHL(I+NX12)+SUM2
WRITE(20,1630)F1,R, EZ R2
FORMAT(4G)

END FILE 20

DO PART 9,L, COMPUTE SIGMA SORD#L#PHIK

CALL OFILE(21,°1ITM2L*)

WRITE(21,915),MM,EH,FLE

WRITE(21,1633)ALINT,XC(1)

FORMAT(/' OUTPUT FOR PART 9 L#,/1%X,*WITH L -' G.' AND 8IGMA'
¢ SORD =*,G,//71X%,* K'.sx.'L&sIGMA SQRDGPHIK'.SX.'K CONTD?, 4X,
‘LeSIGMA SORD#PHIK cONTD‘)

SIG2L = XC(1)#ALINT

TYPE 7013 _ ]

FORMAT(® INPUT DELK *?,2X%.8)

ACCEPT 7014,DELK2

FORMAT(G)

DO 44 1 = 9,511

EXC! = DELK2#1

EXC2 = DELK2#(I+4512)

AKLR = ALINT®EXC!

AKLR! = ALINT#EXC2

ALKI?2 s AKLR#AKLR

ALKI3 = AKLRI#AKLR1

PHIK = (2./(1 +70,784ALKT2)5#C56)#SIG2L

PHIKY ® (2./(1. +7ﬁ TB%ALKT3)##C56)#SIG2L

IF (WHICH.RQ,.*T*) PHIK = ((1,.,+188, 75*ALK12)/(1 +7G 78#ALKI2)
#uC116)881G2L

IF (WHICH, E0.°T?) PHIKY = TEM +188 75*ALKI3)/(1.+70 784ALKIY)
##C1163481G2L

WRITE(21,183@)EXC1,pHIK,EXC2,PHIK]

END FILE 219

FORMAT(//1%X,*DATA FILE CREATED BY PROGRAM FINAL’nIIXo
WITH M =7,13,° AND LENGTH %%,G,% AUTOCOR, OF FILE ¢,AS)

FORMAT(//1X,°DATA FILE CREATED BY PROGRAM ATURRB3*)
FORMAT(IX,F10,6,3X,E12,4,3%,F10,6,3X,E12,4)

FORMAT(//1X, 16.‘ DATA POINTS WERE USED IN 2L = #,ri%,4,
¢ METER’,/1X,1%,¢ DATA POINTS WERE USED IN M = *,F16.4,
¢ METER?)

FORMAT(//1%X,16,° ZEROS WERE ADDED TO DATA¢)
FORMAT(//1%, MEAN VALUE OF w(X) = *,E1S, S,9 M/SEC?,/1X,
iIMEAN SQ, VALUE = ?,E15,5,¢ (M/SEC)##2°)

END



FUNCTION DECT(ULEFT,ATXZ,NAUL)

DIMENSION AIXZ(0/290) ,

DECT = UhEFT*(?.samzvva*gzxzcngn;)-3.85277eaAIthNAu1-1)
+3,6333333#ATXZ(NAULI®2)w] [ 7T6944448ATIXZ(NAULe])
+234861111#AIXZ(NAUL=4))

RETURN

END
SUBROUTINE SET(A1,B3,C1,LS1G,BK1)

DIMENSION A1(0/11),B1¢48/11)
COMMON/BB/X(3),AKI(3),XPL

AKYI(1) ® AJ(LSIGe1)
AKI(2) = A1¢LSI®)
AKI(3) = A1 (LSIG+})
X(1) = B1(LSIG=1)
X(2) s B1(LSIG)
X¢3) = BI(LSIG+1)
XPL = C1

CALL PARAB(AKZ)

BK1 = AKZ

RETURN

FEND
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Subroutine GAM
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CRFISHER>GAM.F4;1 28~-Sep=77 13:47:22 ELIT BY RFI1SHER

SUBRUUTINE GAN(GAMMA,GG)

PROGRAM TO COMPUTE GAMMA FUNCTIONS

PROGRAM DERIVED FROM ™HAKDBOUK OF MATH. FUNCTIONS, NAT.
BUREAU OF STANDARDS, APPLIEL MATB SERIES 55", 1964

PRUGHAMN USES EuN 66115 (P 256) AND APERUX. 6e.1.3b (Fei57;

ANS RETURNED AS GG, INPUT IS GAMMA

IF (GAMMA.GEW.2.) 60 10 1

X = GAMMA =1,

RES =1l.

G0 10 18

N = IFLX(GAKNMA)=-1

RES = 1,

DQo 28 I=1,N

RES = RES®(GAMMA-FLOAT(I))

X = GAMMA ~ FLUAT(n+1)

66 = 1e = ¢9577191652%K +,988225891*X** ] ~ _HYTELHEYZTHRRH*
+ +G162F685T*X%R G = _T56TE€4LTE*AXRS + ,482159394%x%*¢
= ,19352781d%X%*7 4 ,035868343%X*Ry

GG = GG*RES
HETUKN

END
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Program GDIST6
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PROGRAM TO COMPUTE DIST, SEVERAL WAYS, NOTES FROM BILL
MARK OF sgEpT 2%, 1977, "APPROXIMATIONS USING DERIVATIVE
FORMS OF GENERALIZED GRAM-CHARLIS

UPDATED VERSION PAGES 6,7

USED WITH ITEM4, AT, TURBULENCE Part 5

REQUIRES SUBROUTINE GAM

anNnnNNONaoaQOon

PI = 3,141892654
PI2 = PI/2
TP 3 (2,#P1)%u=,5

TYPE 7001
7921 FORMATC(® INPUT ALPHF gf,/8)
ACCEPT 7¢2,ALPHILF
ACCEPT 702, ALPH2F
ACCEPT 702,ALPHIF
ACCEPT 742,ALPHAF
ACCEPT 792, ALPHSF
ACCEPT 7a2,ALPH&F
702 FORMAT(G)

ALPR = ALPH2F = ALPHIF#ALPHIF
ALPB2 = SORT(ALPB)
GAMMA = ALPH1F#AUPH{F/ALPB
TYPE 1210, GAMMA
1010 FOMAT(? GAMMA a=*,()
ALAM = GAMMA/ALPHIF
GAM2 3 GAMMA/2,
GAM12 = (GAMMA41 ,.)/2,
TGAM B 2 %8 (GAMMA=,5)
DELX = ,)#ALPB2

c
¢
CALL GAM(GAM2,GG1)
CALL GAM¢GAM12,GG2)
c

BE1 = (GAMMAel,)/2,

RETA & GAMMA w 1§,

B2 = BETA#BETA

Rl = BETA#R2

B4 = BETA#R]

AL3 = ALAMaALAMALAM

AL4 & AL3I%ALAM

G12 = GAMMAX(GAMMA+Y, Y#(GAMMAL2,)/6,
G123 & G12%(GAMMA+], )/4

G4 = G123%(GAMMA+4, )/5.

G5 & Gan(GAMMASS,)/6,

cot = (ALAM/GAMMA)

C02 = (CO1#ALAM/(GAMMA+1.))
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co3}
c04
cos
€06
BB3
RB 4

(COR¥ALAM/ (GAMMA+2,))

(COISALAM/(GAMMASI,))

(CO4MALAM/(GAMMAS4,))

(COSiALAM/(GAMMA+5 )

Gl?*{l -3, iCOleLpH1F+3 iCOZ&ALPH?F-CO}%ALPHSF)

GIZ3¥(1.-4.iCOI*ALPH1F+5 #CO02#ALPH2F w4 , #COIXALPHIFS
CO4nALPHAF)

BRS = Gan(1t,e5,%CO1%ALPHIF+10 ,4CO2#ALPH2F 10, #C03#ALPHIF 5, #

CO4#ALPHAFwCOS#ALPHSF)
BB6 & GSwu(1,=6,#CO1#ALPHIF+1S, #CO28ALPH2F w20, #CO3IRALPHIF+15 #
COAuALPHYF u6  #COSALPHEF+CO6#ALPHEF)

FANG
FaN1
FAN2
FLNY
FiN}
Fi1N2
FiN3
FaNG
F2N1
F2N2
F2N3
F2M4
FainNg
F3aNt
FIN2
F3ini
F3INA
F3Ng
FAND
F4nNt
F4N2
F4N3
F4N4
F4NS
FANG

TYPE

s "m "B e s s T s e

“»

b I B ]

- owg . -
» 1 ] » s ]

W NN H N H RSN NY NN ORN
s 9 T8 “»

TS IT ISV ITIAIINIITIDISIIS

[ T )

690

FORMAT(/,* X*,11X,%F1PRM?,9X, *F2PRM*,9X, *FIPRM?,9X, *F4PRM*)

DO 29 131,190

¥ = DELX#l

ALX = ALAM#X

PHI? 2 (ALAMSEXP(wALX)#((ALX¥*BEL)Y/GG1)#( (ALX#%#8KE1)/GG2))/

P13
P4
P5
P6

6o

(TRPIRTGAM)

1, o 3,#C01%X 3 3,#C02#XKeX = COINXuXuX
1. - 4.&C01ux + 65,4C028XaX ® 4, #CO3uXuXuX + CO4uXun4d

1,085 ,0C01uX$10, #C02uxuXe12, 80038 008345, #COARXRN4mCOSHX#ES
1e265, 8001 8X+15 4CO020X"Xe28, &CO§&X&*3+15.&CO4¢X*'4-
RCOSuXa#54C06%Xnnsb

FIPRM = PHIG + BRI#PHIMRP]
FRPRM = FIPRM 4 BR4xPHION¥P4
FIPRM = F2PRM + BRS#PHIANDS
FAPRM 3 F3IPRM + BBEOE#PHICNPS



20
728

7024

FONG = FON@ 4 PHI@

FANL ® F@N1 4+ PHIO#Y
FON2 3 FaN2 4 PHID#X#X
FiNO 8 FING 4 FIPRM

FiN1 = FiINQ 4 FIPRMaX
FINZ2Z = FIN? 4+ FiPRMaXaX
FIN3 = FINY ¢ F1PRMuXu#)
F2NG » F2N@g 4 F2PRM

F2N1 ® F2N1 4 F2PRMayY
F2N2 B F2N2 4 F2PRMuYuX
F2N3 & F2N3 ¢ F2PRMuXun}
F2N4 = F2N4 4+ F2PRMaXung
F3INg 2 FING ¢ FIPRM

FIN1 = F3INY ¢ FIPRMaY
F3N2 = FIN? 4 FIPRMuXuX
F3IN3 2 FIN3 4+ FIPRMaX#n3l
F3N4A = FINA 4 FIPRMuXuui
FINS = FING ¢ FIPRMuXuus
F4ND & F4Np 4+ F4PRM

F4NL & F4N81 4 F4PRMaX
F4N2 % F4N2 4 F4PRMuXeX
F4N3I = F4N3 ¢ FAPRMuXu#n3
F4N4 = F4N4 ¢ F4PRMaXuw4g
F4NS = F4Ng + F4PRMuXuu%
F4NGe = FaNg FAPRMuXun6

TYPE 790,X, F:PpM F2PRM,F3IPRM,F4PRM
CONTINUE
FORMATI(F6,2,2X,46)

TYPE 7004,F@N@,FaN],FON2

TYPE 7084,F1ND,FIN1,FIN2,FIN]

TYPE 7024,F2N0,F2N1,F2N2,F2N3,F2N4
FORMAT(SG)

TYPE 7G04,F3NG,FINT1,F3N2,FIN3,FING
TYPE 73@4,F385

TYPE 7204,F4N@,FaNY,F4N2,F4NY, F4aN4
TYPE 7004,F4NS,F4NG

END
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Subroutine HPDES
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120

13e

HPDES

HIpPASS BUTTERWORTH FILTER DESIGN SUBROUTINE

INPUTS ARE CUTOFF (3=DB) FREQUENQY FC IN HERTZ.
SAMPLING INTERVAL T IN SECONDS. AND
NUMBERNS OF FILTFR SECTIONS, .

OUTPUTS ARE NS SETS OF FILTERED COEFFICIENTS. I.E.»
A(K) THRU C(K) FOR K=s{ THRU NS, AND )
1@ pAIRS OF FREQUENCY AND POWER GAIN, I,E,,
GR(!;K) AND GR(2.K) FOR K=l THRU 10

NOTE THAT A(KJ:B(K) C(K) AND GR(2,10) MUST BE DIMENSIONED

IN CALLING PROGM,

THE DIGITAL FILTER HAS Ng§ SECTIONS IN CASCADE, THE KTH
SECTION HAs THE TRANSFER FUNCTION

R(KI*Z(Zun2a28Z+1)
H(Z2) & moweenvenveseroncaansns

Z#E24B(KINZHC(K)

THUS IF F(M) ANDG(M) ARE THE INPUT AND OUTPUT OF THE
KTH S8ECTION AT TIME MaT, THEN

G(M) & ACKI#(F(MIw2uF(Mai)+F(Me2))aB(K)#G(M=1)
=CeK)#G)Mmu2)

SURROUTINE HPDES(FC,T,NS)
COMMON/CC/A(3),B(3),C(3).GR(2,19),F(4,3)
Pl = 3,14159265%136

WCP = SIN(FC#PI#T)/COS(FC#PIT)

DO 1272 K=z1,NS

CS 8 COSCFLOAT(2#(K4NS)e1)#PI/FLOAT(44NS))
ACK) = 1 /€1, +HCP*WCP-2 *WCPuCS)

B(K) = 2, *fWCPiWCP-l IRACK)Y

C(K) = (1.+WCP!WCP+2 #WCPCSIHA(K)

DO 130 K=1,10 ‘

GR(2,K) = _01+.,984FLOAT(Ke])/9,

X = ATAN(WEOP#(1,/GR(2,K)ml . Y¥u(=1,/FLOAT(4%#NS)))
GR(1,K) & X/(PIsT)

RETURN

END
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1932

[T

951
381

1952

1823
1918

PROGRAM ITEM3, ATMOSPHERIC TURBULENCE TASK
ITEM 3, PARTS S AND 6, PHASE II1 OF ATMOSPHERIC TURR,

PROGRAM READS DATA FILE
AUTOFe AUTOCORRELATION FN FROM ATURB4
AUTF2e AUTOCORRELATION PRODUCES WITH Wxu2e FROM
MODIFIED VERSION OF ATURB4
PROGRAM PRODUCES DATA FILESS
RSTGF= VALUES OF R (SIGMA SQRD F), PART 8 ITEM 3
PHIFe VALUES OF PHI OF F, PART 6, ITEM 3

REQUIRES SUBROUTINE CFFTL

RUN PROGRAM ATURB4 TO DETERMINE PHI L, R L,AND PHI! L ,
R L FOR SQUARED W(T) VALUES (SEE MARKeg NOTES ITEMB)
RUN ITEM2 70 DETERMINE SIGMA SQRD AND L

DIMENSION RWH(@/1300),RWH2(0/11300)

DIMENSION AUT(Q/50800)

INPUT INITYAL PARAMETERS
TYPE 1 /RFC (filter cut-off frequency)

FORMAT(/1X, *INPUT DELX®,/8)
ACCEPT 1785@, DELX
FORMAT(3G)

READ IN AUTOCORRELATION FN,

CALL IFILE (2@, fAUTOF4)

READ(20,90¢)

READ(20,19%0)YFLE

FORMAT(/1X, ?AUTOCORRELATION OF*,/iX,

SHIGH PASS FILTERED NON<HOMOGENEOUS SAMPLE®,/1iX,
‘DATA TAKEN FROM FILE ¢,AK)
READ(ZG,996)NPTS.Tw0L,Mst.FTM1
READ(2@,9A7)IMZERO

READ(29,910)WBAR, VAR

READ(2%,951)WSUM

ronMAT(/iX,'tW OF L(X)#u2> & ¢,F12.4)
READ(20,381)XA0FF,MAOFF

FORMAT(/lX ¢ TRUCATION POINT wAs‘ G,* METERS®,/1X,
FWHICH CONTAINS #,17,¢ POINTS?)

READ(20,19%2)

FORMAT(IIIR.'PRINTOUT OF THE VALUFS OF THE AUTOCORRFLATION'
71X,8X,*X°*,12X,°* RL ¢ QXo'RL/RG')

DO 1823 I=a,MAQFF

READ(29,1915)DEL,RWR(I),YY

FORMAT(1X,3(2X,G))

END FILE 20

TYPE 4324,RWH(MAQOFF)
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4324 FORMAT( # RWH(MAOFF) =¢,G) "
c READ IN AUTPOCORRELATION FN, OF SQUARED W(T)

CALL IFILE (20,°AUTF27)
READ(29,900)
1965 FORMAT(/1X, *AUTOCORRELATION OF*,/1X,
1 FHIGH PASS FILTERED AND SQUARED NONeHOMOGENEOUS SAMPLES, /1X,
2 ¢DATA TAKEN FROM FILE *,A%)
READ(29,1965)FLE
READ (20,906 )NPTS, TWOL,MPTS, FTM1
READ (28,907 )MZERD
READ(20,918)WBAR, VAR
READ (20,951 )WSUM
READ(29,1381)XAOFF,MAOFF
READ(20,1982)
DO 1824 T=a@,MAOFF
1824 READ(2%7,1915)DEL,RWH2(1),YY

END FILE 20
TYPE 432%5,RWH2(MAOFF) .
4325 FORMAT( ¢ RWH2(MAOFF) =¢,G)
c.
c READ IN SIGMA SQRD, L ¢(AFTER RUNNING ITEM2)
e
TYPE 111 _
1114 FORMAT(* INPUT SIGMA SQRD, L*,/$)
ACCEPT 2,SIGF,AL
2 FORMAT(2G)
o
o DO PART S5, R (SIGMA SQRD F)
o

CALL OFILE{20, *RSIGF’)
WRITE (22,911)
WRITE(20,1953)8SIGF,AL _ \
1953 FORMAT( FOR SIGMA SQUARED =%,G,* AND AL &’,G)
WRITE(20,1954) _ .
1954 FORMAT(//* XI*,7%,*RSIGF?)
SIGF2 3 SIGF#SIGF
DO S02 Ts0,MAOFF
XI 3 DELX#T
RSTGF = SIGF2#RWH2(T)/(RWH(@)#%2+42  #RWH(T)#RWH(T))
IF (RSIGF,LT,.0931) GO TO 501

5ap WRITE(20, 2)XI RSIGF
501 FND FILE 20
c .
o) DO PART 6, PHI(SIGF)
o]
TYPE 3 ) _
3 FORMAT(? INPUT M AND POWER OF 2 *,/8)

ACCEPT 175a,MPTS,MPWRM
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PI = 3,141%392654

RWHZ2 = RWH(Q)#RWH(@)

FTM]1 = MpTS#DELX '

DO 13 J=0,MPTS

ARG = DELX#®#J

cC = PInARG/FTMY

DD = 1,=ARG/FTM]Y

EE = ABS(SIN(CC))

WINDO = EE/PI+DD%COS(CC)H .
RTP = RWH92+2.lRwH(J)lRWHgJ)
AUT(2#J) & ((RWH2(J)*RTP)/RTP)I#WINDO
M2PWR = MPHRM+1

M2PTS = 2#MPTS

FT2M = 2, ,#FTM]

MMINI = MPTSwi

Do 14 JKs=i1,MMINY

KK a M2pTSeJK

AUT(2%KK) & AUT(2#JK)

DO 521 K:lfzuszTS-l.z

COMPUTE SMOOTHED POWER SPECTRUM
CALL CFFT(M2PWR,M2PTS,AUT,2)
PRINT DATA FILE *PHIF#¢

CALL OFILE¢2@, PHIF?)

WRITE(22,911)

WRITE(20,901) O

FORMAT(//1%,*SMOOTHED POWER SPECTRUM PHI OF SIGMA SORD F(K)*)
WRITE(20,1906)MPTS,FTM ,
FORMAT(/1X%,1%,? DATA POINTS WERE USED IN M = *,F16,4,’ FT,*)

WRITE(20,1985)RWH(A) ADD TO FORMAT STATEMENT 901
FORMAT(? RWH(®) = *,G)

WRITE(20,902) [/(X,' WITH FILTER CUT-OFF=',
MHALF 3 MPTS/2 G, 'M¥¥-11")]

M41 3 MHALFe1

DELK = {,/FT2M

DO 56 Iz ,M41

DEL s DELKsl

XX m AUT(2#]1)#FT2Mu8IGF#SIGF
K s MHALF+1

DEL2 = DELK#K

YY % AUT(2#K)#FT2MuSIGFraSIGF
WRITE(20,943)DFL, XX,DFL2,YY
DELY ® DELK#MPTS

22 = AUT(24MPTS)#FT2MuSIGFr#SIGF
WRITE(20,998)DEL3, 22

END FILE 20
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190

FORMAT(//1%, ‘PRINTOUT OF VALUES OF THE SMOOTHEDY,
¢ POWER SPECTRUM?,/SX, #Ké, 108X, 8PS VALUE’,8X, K CONTD?,
4X,*SPS VALUE CONTD¢, /)

FORMAT(29X,F12,4,3X,E12,4)

FORMAT(Illx.'DATA FILF CREATED BY PROGRAM ATURB4#)
FORMAT(1X,F10,6,3X,E12,4,3X,F10,6,3x,E12,4)
FORMAT(/IIX,IG,' DATA POINTS wzaz USED IN 2L = ¢,F15,4,
¢ METERY,/1X,18,¢ DATA POINTS WERE USED IN M 5 *,F16.4,
é METER‘)

FORMAT(//1%,16,* ZEROS WERE ADDED TO DATA#)
FORMAT(IIIX,'HEAN VALUF OF Wex) = ',Els 5, M/SEC',/ix.
MEAN SQ, VALUE @ *,E15,5,f (M/SEC)I##2°)

FORMAT(* DATA FILE CREATED BY PROGRAM ITEM34é)

END



Program ITEM4

191



(o8 PROGRAM ITEM4 ,PART 6  ATMOS, TURBULENCE PHASE II

DIMENSION ALWF(B),ALWS(®/8),ALPHWH(B),PROB(2/120)
DIMENSION ALPHW(8)

TYPE
1 FORMAT(¢ INPUT ALPHWH,ALPHW (8 VALUES) *,/$)

ACCEPT 2,ALPHWH(1),ALPHW(1)

ACCEPT 2,ALPHWH(2),ALPHW(?2)

ACCEPT 2, ALPHWH(3),ALPHW(3)

ACCEPT 2,ALPHWH(4),ALPHW(4)

ACCEPT 2, ALPHWH(S),ALPHW¢S)

ACCEPT 2,ALPHWH(6),ALPHW(6)

ACCEPT 2, ALPHWH(7),ALPHW(7)

ACCEPT 2,ALPHWH(8),ALPHW(8)

2 FORMAT(2G)
TYPE 3 .

3 FORMAT(® INPUT SIGMA SOGRD F 7,8)
ACCEPT 2,816

AK = (SIG/ALPHWH(2))##,5
DO 19 K = 4,8
100 ALWF(K) 3 ¢AK##K)#ALPHWH(K)
ALWS(D) = 1,0
SUM = 0,0
PO 120 K@ ,Nei
CALL FACI(N,K,ANK)

120 SUM 5 SUM 4 ANKNALWF(NeK)#ALWS(K)
110 ALWS(N) & ALPHW(N) = SUM
c
c COMPUTE PROB DENSITY FN
c
TYPE 8 .
8 FORMAT(® PROB DENSITY FN,#)

DELWS 3 ,1#(SQRT(ALPHWH(?)eALPHWH(1)#ALPHWH(1)))
SIGWS = ALwWS(2)##%,5

TWOSG = 2,#8IGWS#SIGWS ‘

Cl 8 1,/7€(02,%3,14159265)u%,5%#SIGWS)

SIG3 = SIGWS##]

SIG4 B SIGWSH#N»4

S1G2 2 SIGWS##2

DO 1302 I=9,100
WS = DELWS#Y

WS2 = WSaWs

WS © WS2%#WS

WS4 & WSINWS

EX 8 «(W82/TWOSG)
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130 PROB(I) = CiiEXP(EX)*((I +CALWS(3)*(HSSISIGS-
1 3, #WE/8IGHS)/ (6, #SIGINI+((CALWS(4)/STG4) w3, ) ®
2 (HS4/SIG4-6 #W82/51G2+43,11/24,))
GAM1 = ALHS(3)/(ALWS(2)**(3 /72.))
GAM2 a (ALRSC4)/(ALWS(2)#%2))=1,

PRINT OuUT VALUES OF PROBABILITYE

nana

CALL OFILE(¢2@,°PROB#)
WRITE(20,900)
920 FORMAT(¢ DATA FILE CREATED BY PROGRAM ITEM474,/1X,
1 * ATMOSPHEAYC TURBULENCE TASK, PHASE 1I1¢)
WRITE(20,941)81G
981 FORMATC® FOR SIGMA SOGRD F =¢,G,//1X,*THE VALUES OF ALPHA ¢,
1 ¢0F WS AREg*)
PO 172 N=1.8

170 WRITE(20,902)N,ALWS(N)

942 FORMAT(® N =°,13,%ALPHA ws =2*,0)
WRITE(20,99)3) .

003 FORMATCIIIX.'THE PROBABILITY DENSITY FN, IS:?

1 /7%, °W8%,13X, P(WS)?)
DO 182 Iad,100
WS ® DELWS#Y

189 WRITE(20,904)WS8,PROB(I)
904 FORMAT(1Xs6,2X+G)
WRITE(29,905)GAM1,GAM2
90N ponMAT(//lx,'COEFFIcIENT OF SKEWNESS m¢,G,/1¥X,

1 F¢‘COEFFICIENT OF EXCESS af,G)
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PROGRAM MOMENT ATMOSPHERIC TURBULENCE PHASE II
ITEM 4 Parts 1-U4

CALL SUBROOTINES BIN(SQ),HPDES

COMMON/AA/BRIN1 (501),BIN2(531),TOTAL,NBIN,BINW,NPTS
COMMON/BRR/RIN3(7@9),TOT1,NBIN],BINW],NPTSI
COMMON/CC/A(3),B(3),0(3).GR(2,12),F(4,3)

DIMENSION n(8),ALSIG(S)
DIMENSION ALWS(2/8)
DIMENSION W(@/15002),aLPHy(8),ALPHWH(8),ALPWH2(8)

READ IN w(¥%) DATA

TYPE | _
FORMAT(? INPUT NO, OF DATA POINTS’,8)
ACCEPT 2,NpPTS

FORMAT(3G)

TYPE 3 , )
FORMAT(? INPUT DATA RECORD NAME f,8)
ACCEPRPT 4,FLE

FORMAT(AS)

READ IN FILE AND CONVERT TO METERS

CALL IFILE({22,FLE)

NX1 = NPTS/4

DO 550 1z3,NXlel

READ(29,551)W(I), WETI+NX1),W(T+2%NX1),W(T+I#NX1)
W(I+NX1) = W(I+Nx1)*.304§

WeT+2#NX1) 3 WT+24NX1)%,3048

WeTe3uNX1) = WEI+38NX1)#,3048

WeI) & Welyw, 3048

FORMAT(4(E15,7))

END FILE 20

SUBTRACT OUT MEAN

WBAR =® 4.0

DO 6192 JJ = @,NPTSet
WBAR = WRAR+W(JJI)

WBAR 3 WRAR/FLOAT(NPTS)
NO 611 Ix@ , NpTSet

WeI) =® WeI)ewBAR
COMPUTE RINS

CALL BIN¢W)

COMPUTE MOMENTS OF w(T)
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BINHF = plINW/2,
NBIN2 & NBIN/2

o
TYPE 909 _
9029 FORMAT(® MOMENTS OF W(X) #)
no 1@ K=1,8
suM = 2,0
DO 20 Js1,NBIN2
WMID1 = (BINU#JeBRINHF)#xK
WMID2 =2 (BINW{wJ)4RINHF) ##K
20 SUM = SUM 4 WMID{#BIN{(J) + WMID2#BIN2(J)
ALPHW(K) = SuM/TOTAL
10 TYPE 991,K,ALPHV(K) i
801 FORMAT(? ¥ =2’,I3,* ALPHW = #,6)
c
c FILTER wW(Ty AND COMPUTE MOMENTS
o
o FILTER W(T)
o
TYPE 9 ]
9 FORMAT(¢ INPUT CUT«OFF FREQ,SAMPLING INTERVAL,*

1 5N0, OF FILTER SECTIONS”?,./S$)

ACCEPT 2,F¢,TS,NS

CALL HPDES(FC,TS,NS)

DO 14€@ N=1,NS+1

DO 149 M=1,2
142 F(N,M) 8 0,0

DO 15¢ Me@,NPTS=t

F(1,3) = WiM)

PO 167 N=1,N§

TEMP 5 ACNIR(F(N,3) w2 #F(N,2)+F(N,1))
160 F(N+1,3) = TEMPwB(N)®F(N41,2)eC(NIRF(N+1,1)

DO 17¥ Nzi,NS+1

DO 174 MM=1,2

17 F(N,MM) g F(N,MMs1)
150 W(M) = F(NS+1,3)
o
o MOMENTS OF WH
o
TYPE 5
8 FORMAT(? HOMENTS OF FILTERED W?)
c .

CALL BIN(W)Y ‘
BINHF = RINW/2,
NBIN2 = NBIN/2

DO 3@ Ka1,8

SUM = B @

no 42 J = 1,NBIN2

WMID! = (BINW#J=BINHF)#&K
WMID2 = (BINWk(eJ)+RINHP)Y##K
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SUM = SUM & WMID1I&BINY1(JY + WMID2#BINZ2(J)
ALPHWH(K) = SUM/TOTAL

TYPE 902,K,ALPHWH(K) ]

FORMAT(’ K =”,33,* ALPHWH =°,G)

COMPUTE wHe#2, PART 3

N0 50 lxa,NPTSw1
W(I) = WeIY#W(T)

COMPUTE BINg

TYPE 6
FORMAT(* COMPUTE MOMENTS FOR WuW#)

NpTSi = NPTS
CALL BINSQW)Y

BINHF = BINW1/2,

no 60 XK=i,8

SUM = 8,0

WMID = (RINWi{#JsBINHF)Y#uK

SUM = SUM 4 WMID#BIN3(J)
ALPWH2(K) = SUM/TOTH{

TYPE 903,K,ALPWH2(K) ]
FORMAT(® K =7,13,* ALpPHuW?2 =2¢,G)

PART4, MOMENTS OF SIGMA SQRD F

Dc1) = 1§,

ne2) = 3,

D(3) = 15,

De4) = 1095,
D(5) & 945,
D(6) = 10395,
D(7) = 135138,
D(8) = 2027025,
TYPE 905

FORMAT(? COMPUTE MOMENTS OF SIGMA SqRD F?)

TYPE 7 _
FORMAT(# INPUT SIG SOGRD F ¢,g)
ACCEPT 2,816

PO 80 NEt,8

ALSIG(N) = ((SIG/ALPWH2(1))##N)#ALPWH2(N)/D(N)
TYPE 984,N,ALSIG(N)

FORMAT(® N =4,13,¢ ALSIG x7,G)

END
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SUBROUTINE PAR]I(AK2Z)
CALL SIMQ, FORMS EQN Y##24DX+FY+F = 0,0

COMMON/BB/X(3),AKI(3), XPL
DIMENSION ¥(3),A(9),R(3)

EQUIVALENCE(Y,AKI)

YMID

= AK1e¢2)

DO 20 Js1,)

B(J)
ACJd)

B oY(J)#82
® XCJ)

DO 2% K=4,6

A(K)
ACT)
A(8)
A(9)

KK =

CALL

IF (KK,EQ,1) TYPE 518 , _
FORMAT(® K m 1 IN SIMQy SINGULAR SOLUTION = BAD’)

¥ Y(Kel)
1,

% 1.

= 1,

)

SIMQCA,B,3,KK)

D = B(l)
FE u B(2)
F s B(Y)

AKZ = (=2, ,#XPL=EY/D

RETURN

END
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SURROUTINE PARAB(AKZ)
CALLS SIMQ, FORMS EQN Yw#2+DX+EY4F = 0,0

COMMON/BB/X(3),AKI(3),XPL
DIMENSION $(¢(3),A(9),B(3)
EQUIVALENCE(Y,X)

IF (AKI(2),EQ,AKI(3)) AKZ = AKI(2)
IF (AKI(2).EQ,AKT(3)) GO TO 49

DO 20 J=i,3

B(J) ® wY(J)#n2

A(J) = AKI¢J)

DO 25 K=4,6
A(K) s Y(Ke3)
ACT) = 1,
A(g) = 1,
A(9) = 1,

KK = 0

CALL SIMQ(X,B,3,KK)

IF (KK,EQ,1) TYPE %18,X(1),AKI(1),XPL

FORMAT(® K = | IN SIMQy SINGULAR SOLUTION = BAD*,/1X,

iX(1)8*,G,AKI(1)Ix?,G,’XPL a?,G)

D =& B(1)

E = R(2)

F = B(3) i
AKZ 8 («XPLu#XPLeE#XpLeF)/D

RETURN
END
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SURROUTINE PARAR(AKZ)
CALL SIMQ, FORMS EQN Y##24DX+EY+F = 0,0

COMMON/BB/%(3),AKIC3),XPL
DIMENSION ¥(¢3),A(9),B(3)
EQUIVALENCE(Y,AKI)

YMID = AKI(2)
DO 22 J=1,3
B(J) = =Y (J)¥a2
ACd) = X(GJ)

N0 25 Ks4,6
A(K) » Y(Ku3)
A(7T) = 1_-
AC8) m 1,
A(9) = 1,

KK = @
CALL SIMQ(A,B,3,KK)

IF (KK,EQ,1) TYPE 518 ,
FORMAT(? K = 1 IN SIMQ) SINGULAR SOLUTION = BAD*)

D & B(1)

E = B(?2)

F = R(3)

CONST & F & D#XPL _ .,
BKZ1 » (=E « (E#Eed4 #CONSTI®*,5)/2,
BKZ2 = (=E ¢+ (E#Eed _»CONSTYS® ,5)/2.
DIF] = ABS(AK2Z1«YMID)

DIF2 = ABS{AKZ2«YMID)

AKZ = AKZ2

IF (DIF2,GT, DIF1) AKZ = AKZ{

RETURN

END
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PROGRAM PART2, ATMOSPHERIC TURBULENCE TASK

ITE¥ 1, PARTS 2,3,4,5,6,7, AND 8, PHASE II OF ATMOSe

PHERIC TURBULENCE )

MEAN VALUE SUBTRACTED FROM DATA BEFORE COMPUTING SPECTRUM
MAXTMUM LIKELIHOOD ESTIMATION OF INTEGRAL SCALE OF YERTICAL
COMPONENT OF STATIONARY SAMPLE

READS IN PSD FROM FILE PHILK (PRODUCED BY ATURB2,F4)
PRODUCES DATA FILES:
LG] VALUES OF LG(KiL) PART4,ITEM!
PHIXIt VALUES OF PHI OF K(XI)® VON«KARMEN AUTOe
CORRELATION ¥N,, PART 7, TTEM
PHIK: VALUES OF PHI OF K(K)w PART 8, ITEM 1

REQUIRES SUBROUTINES GAM AND AK
SUBR, AK REQUIRES PARAB, AKDAT, 8IMq

DIMENSION PHIKT(6540),DVSR(4),E(20),ALV(20),ALKI2(6500)
DIMENSION wW(?/6500)

INPUT INITIAL PARAMETERS

TYPE 1 )
FORMAT(/1X, ¢ INPUT ND. OF POINTS TO BE READ, DELK,DELX?,/8)
ACCEPT 17%@,NPTS,DELK,DELX

FORMAT(3G)

INPUT VALUES OF PHI OF L¢K)

CALL IFILE (20, 'PHILK?)
READ(29,900)
READ(2¢4,959)FLE
PORMAT(lix,‘POWFP SPECTRUM OF PHT OF L(KY*, /71X,
*DATA TAKEN FROM FILE ¢,aS%)
READ(20,908)INX2J, TWOL,MPTS, FTMI
READ(26,90%9)MZERD
READ(29,910)WBAR, VAR
READ (24,951 )WSUM
FORMAT(/1X.'¢w OF L(X)#%2> = #,F12.4)
READ(2@,952)
FORMAT(//1X *PRINTOUT OF THE VALUES OF THE POWER SPECTRUM?,
/1x.5x.'x'.1ax.'Ps VALUE®, 8%, *K CONTD’,4X, PS VALUE CONTD?,/)
DO 823 1a@,NPTS
READ(29,993)DEL,W(X),DEL2,YY
CONTINUE
END FILE 20

START PART2; COMPUTE INTEGRAL SCALE OF L USING EON FOR E(L)
TYPE 15¢0.

FORMAT(S INPUT N,L, & STEP SIZE OF L #,/8)
ACCEPT 17%5¢,N,ALV(1),STPL
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AN = FLOAT(N)
€116 = 11,/6.
DVSR(1) = 1,

DVSR(2) ® 1,
DVSR(3) = 10,
DVSR(4) = 106,
NDX £ @

NDX = NDX ¥ 1
E(NDX) = 0,0

SUMt = 2,9
no 1920 JJx1,N
ALKI2¢(JJ) . (ALV(NDx)iDELK&JJ)&#Z
PHIKT(JJ) = (1,+188, 75&ALKIZ(JJ)’/(1 +7E T8%ALKI2¢JI))##C116
SUM1 = SUM{ 4+ W(JJ)/PHIKT(JJ)
DO 1410 1I=i, N
GKIL = 117 97*ALK12(I)&(1 -188 15&ALK12(I))/
(ALV(NDX)!(l +70, 18&ALKIZ(I))*(1 +188 TB8#ALKYI2(1)))
F(NDYX) = EENDX) #+ GKIL*(rSUMi/AN)-IW(I)/PHIKT(I)))
E(NDX) = E¢NDX)/AN
TYPE 1525,NDX,E(NDX)
FORMAT(’ ON ’pI3.' PASS E =¢,G)

PICK NEW L. FOR SECOND AND 4TH PASS
IF (E(NDX),

(LT,G.E) ALVINDX+1) = ALV(NDX) + STPL/DVSR(NDX)
IF (E(NDX),.GT,2,0) ALV(NDX+1) = ALV(NDX) e« STPL/DVSR(NDX)

USE LINEAR INTERPOLATION FOR NDX = 2 OR 4

TF (NDX,EQ.1) GO TO 1030
IF (NDX,EG.3) GO TO 1939

TYPE 15@3 ] .
FORMAT(® ARE THERE pOS§. AND NEG, E"S (Y OR N) #,8)
ACCEPT 807,ANS

FORMAT(AS)

IF (ANS,EQ.L¢N’) GO 70 1@40

PO LINEAR TNTERPOLATION

ALV(NDX+41) 8 (ALVINDX)#(wE(NDX»1))4ALV(NDXei ) 8E(NDX))/
(E(NDX)eE(NDXel))

TYPE 1502,NDX,ALV(NDX+1)

FORMAT( ¢ FOR *,12,¢ PASS INTERPOLATTED L =¢,G)

IF (NDX,EQ.2) GO TO 1930

FINAL L HAS BEEN SELECTED AFTER 4 PASSES

ALF = ALV(NDX+¢1)
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PART 4 , COMPUTE LG(KIsL)

CALL OFILE¢20,°LG*)

WRITE(20,1507)ALF . ,

FORMAT(* OUTPUT OF ITEM 1, PART 4, PHASE II ATMO, TURB,’,

/1%, CREATED BY PROGRAM PART2¢,/1X,

¢ FOR L =?,G,* METERS®,/1X,* Ké,7%,°LG?,7x, %X CONTD?,8%,

‘LG CONTD?) : '

NH?2 = N/2

DO 1059 I3 = 1,NH2

AK?2 = DELK&I1

AKIL = ALF#AKZ

AK1 = DELKE(NH2+1I1)

AKIL3 = ALF#AK1

AKTL2 = AKTL#AKIL

AKIL4 a AKTL3#AKIL)

ALG = (117597#AKIL2x(1, .199 7S#AKIL2))/
€(1.479, 784AK1L2)~{1 +gse 15#AKIL2)Y)

ALG2 = (119, 97*AKIL45(1 .139 TS#AKIL4))/
C(1,470,78%AKTL4)#C1 . +4188,75#AKIL4))

WRITE(20, 1§a5)sz.ALG AK1, ALG?2

FORMAT(4G)

END FILE 20

TYPE 1506 )
FORMAT(? CONTINUE OR ABORT? (C OR A) *,8)
ACCEPT 807,GOON

IF (GOON,EQ,"A®) GO TO 9999

DO PART §

S1G2 = 3,9

DO 1968 Tmy,N ]

SIG2 = SIG2 + W(I)/(ALFu#PHIKT(I))
S1G2 aSIG2/AN

TYPE 1508,8162

FORMAT(* S1G2 =*,G6)

" CONTINUE ?

TYPE 1506
ACCEPT 887,GOON
IF (GOON,EA,’A¢) GO TO 9999

PART 7, REQUIRES SUBROUTINES GAM AND AK
CALL OFILE€21, *PHIXT?)

WRITE (20,915)
WRITE(20,1%12)81G2
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FORMAT(/lx.'OUTPUT FOR PART 7 OF ITEM T, PHASE II'./lX.
fCALCULATIONS OF VONeKARMEN AUTOCORRELATION NS, /01X,
FSIGMA SQRD m?,G)

WRITE(29,1811)

.FORMAT(# XI¢,5X, *PHT(XT)¢,5%, ’XT CONTD?,5X, *pHI(XT) CONTD®)

PYI = 3, 14159?65
C43 = 4 WA

CALL GAM(C116 G1) .

CALL GAM(C43,G2)

GAM13 = 2,67893853

BETA = 2,#G1#(PIu®,5)/(5.%G2)

ARG = BETA/ALF

Ci3 = /3

€23 & 2, /3

c13 = 1,737

CONST = SIG2#(2,%#C23)/GAM]3

DO 1078 I=1,NH2

E1 ® DELX#TI

E2 = DELX#¢I+NH2)

ETA = E{#ARG

ETA2 = E2#ARG ,

TF (ETA,GT.S,,0R.ETA,LT,.1)TYPE 1515,ETA
CALL AK(1,ETA,AK)1)

CALL AK(2,ETA,AK2)

CALL AK(1,ETA2,AK3)

CALL AK(2,ETA2,AK4)

PHIK g CONST*(FTAQGC13)*(AK1-AK2*ETA/2 ) .
PHIK2 = CONSTH#(ETA2x#C13)#(AK3wAKANETA2/2.)
WRITE(27,1805) E1,PHIK,E2,PHTIK2

FORMAT(® ETA ®%,G,’ WHICH IS OUT OF RANGE FOR AK SUBR,?)
END FILE 20

PART 8

CALL OFILE(20,°PHIK?)

WRITE(22,915)

WRITE(20, 18595)ALF,81G2

FORMATtllx,'OUTPUT FOT PART 8 OF ITEM I, PHASE II',IiX-
SCALCULATIONS OF PHY K WITH L w¢,G, AND SIG SORD =’,G)
WRITE(20,1514)

FORMAT(? K',SX,'PHIK'.7X.'K CONTD'.SX.'PHIK CONTD )
CONS! & SIG2#ALF

STEP = DELK#ALF

NPTS2 ® NPTS/2

DO 1080 I=} , NPTS?2

AK#@ s DELK#l

AK1 = DELKu(I+NPTS2)

AK2 = (STEpPxI)#(STEp#I)

AK4 = (STEP#(I+NPTS82))##2

PHIK s CONg1#(1,4188, 75&AK2)/((1 +7ﬁ 784AK2)44C116)
PHIK2 = CONSI*(I +1RB,78#AK4) /(1 ,+72,788AK4 %4L116)
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WRITE(20,1%05)AK8,PHIK, AK],PHIK2
END FILE 20

FORMAT(//1%,*DATA FILFE CREATED BY PROGRAM ATURB2‘)
FORMAT(//1%,*DATA FILE CREATED BY PROGRAM PART2Y)
FORMAT(1IX,F10,6,3X,E12.4,3X,F108,6,3X,E12,4)
FORMATtlllprSp‘ DATA POINTS wanz USED IN 2L = °,F15,.4,
¢ METER?,/1X,I5,7 DATA POINTS WERE USED IN M 3 %,F16,4,
¢ METER?Y)

FORMAT(//1%,16,* ZEROS WERE ADDED TO DATA¢)
FORMAT(29X,F10,4,3X,E12,4)

PORMAT(IIIX.'MEAN vnnuz OF W(x) = *,E15,5,° M/SEC*,/1X,
IMEAN S0, VALUE = ¢,E15,5,¢ (M/SEC)##2°)

END
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PROGRAM ITEM2, ATMOSPHERIC TURBULENCE TASK

ITEM 2, PART 5, PHASE II OF ATMOS=

PHERIC TURBULENCE ]

MEAN VALUE SUBTRACTED FROM DATA BEFORE COMPUTING SPECTRUM

AOMDONEFNT wTTH L.OW oAy ~“ANmAMYNATYOAN
N ML R EW AV | YR i A3 LA LA T M WUILLAY. & R ST AT ¥ PR H AT ET L O WLV

DATA FILES READ BY PROGRAM ARE1 .
PHILK: INPUT PSD FROM ATURR2,F4

DIMENSION W(@/1300M),AL(15%),S1G2¢15)

INPUT INITIAL PARAMETERS

TYPE 1001 ]

FORMAT(/1X, $ INPUT Np, OF POINTS TO BE READ, DELK,DELX’,/$)
ACCEPT 175@,M41,DELK,DELX

FORMAT(3G)

TYPE 1751

FORMAT(? 18 RECORD TRANSVERSE OR LONGITUDIONAL (T OR L) %,8)
ACCEPT 807,WHICH
FORMAT(AS)

INPUT VALUES OF PHI OF L(K)

CALL IFILE (20, PHILK?)
READ(2¢,900)
READ (20,930 )FLE
FORMAT(/1X, POWER SPECTRIUM OF PHT OF L(K)*,/1X,
’DATA TAKEN FROM FILE ‘,AS)
READ(20,906)NPTS, TWOL,MPTS,FTM]
READ(20,987)IMZERO
READ(20,919)WBAR, VAR
READ (20,951 )WSUM .
FORMAT(/1X,*<W OF L¢X)u#2> u *,F12,.4)
READ(2@,952) _
FORMAT(//1X, *PRINTOUT OF THE VALUES OF THE POWER SPECTRUM’,
/71X,5X,?K?,10X,’PS VALUE?,8X,*K CONTD’,4X,°*’pS VALUE CONTD’,/)
MHALF =» NP?PS/4
M51 = MHALFeti
DO 823 I=0,M51
Ks MHALF+1Y
IF (K,GE,M41) KaMal,t
READ(20,923)DEL,W(I1),DEL2,W(K)
END FILE 290

TYPE 1500 o
FORMAT(* INPUT KL,Ky,N *,/8)
ACCEPT 175%,KL,KU,N
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FORMAT(3G)

TYPE 1503 .
FORMATC® INPUT J,L %,8)
ACCEPT 1752,J,AL(J)

JMAX = J

DO PART §

AN = FLOAT{(N)
Cl116 = 11./6.
cs56 = 5,/6°
S1G2¢(J) = p,@
DO 1060 1ImKL,KU
ALKI?2 = (AL(J)*DELKII)**?
PHIK 3 2,/¢1., +7ﬂ 79*ALKI?)**056
IF (WHICH EQ.'T"PHIK:(I +188 _ 75#ALKI2)/
(1 +79, 79*ALK12)**C116
SI1G2¢J) = BIGZ(J) + W(I)/(AL(J)*PHIK)
SIG2¢J) =8IG2(J) /AN
TYPE 1508, J,SIG2(J)
FORMAT(? FOR J "0130‘ 81IG?2 .'lc)

TYPE 1502 )

FORMAT(? PICK ANOTHER J,L (Y OR N) *,8)

ACCEPT 807, AJL

IF (AJL,EQ.’Y*) GO 70 1010

ronMATt//ix,'DATA FILE CREATED BY PROGRAM ATURR3‘)
FORMAT(1X,F12,6,3X,F12,4,3%X,F108,6,3%,E12,4)
FORMATtlllx,IG.' DATA POINTS HFRE USED IN 2L = *,F15,4,
* METER’,/1X,15,¢ DATA POINTS WERE USED IN M = ¢,Fi16, 4,
¢ METER?)

FORMAT(//1%,16,* ZEROS WFRE ADDED TO DATA’)
FORMAT(//1%X, "MEAN VALUE OF W(X) ®» ?,E15,5,% M/SEC*%,/1X,
‘MEAN SQ, VALUE = ¢,E15,5,¢ (M/SRC)##2°)

END
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SUBROUTINE SIMP, USES SIMPSON4S RULE TO DO INTEGRALS,
H = SPACING BETWEEN VALUES )

NPTS = NO, OF POINTS TO RE COVERED, WRARRAY CONTe
AINING VALUES T0O BE INTEGRATED, ANS = INTEGRAL OF wW(l)

SURROUTINE SIMP(H,NpTS,W.ANS)
DIMENSION w(0®/502)

ARG = H/3,

ANS] = 2,0

PO 18 Izt ,NPTS=3,2

ANS1 = ANS1 + 4,#W(T)

ANS2 = 2,0

DO 11 132,NPTS=2,2

ANS2 = ANS2 + 2,#W(T)

ANS = (ANS2+ANS14+W(R)+W(NPTS=1))#ARG

RETURN

END
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SUBROUTINE SIMP, USES SIMPSON*S RULE TO DO INTEGRALS.
A 3 STARTING VALUE, Bs END VALUE, H ®» SPACING BETWEEN
VALUES, NPTS = NO, OF POINTS TO BRE COVERED, WmARRAY CONT=
AINING VALUES TO BE INTEGRATED, ANS = INTEGRAL OF W(I)

SURROUTINE SIMP(A,B,H,NPTS,ANS)
COMMON/8G/W(B/65537)

ARG = H/3,

ANSY = 4,0

DO 10 ISI'NPTS'312

ANST ® ANST + 4,#W(2#1)

ANS2 = 2,9

DO 11 I=2,NPTS=2,2

ANS2 s ANS2 + 2,#W(2#1)

ANS = (ANS2+ANS1+W(A)+W(2#NPTSe2))#ARG

RETURN

END
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SUBROUTINE SiMQ

PURPOSE

OBTAIN SOLUTION OF A SET OF SIMULTANEOUS LINEAR EQUATIONS,
AXeB

USAGE

CALL siIMQ(A,B,N,Ks)

DESCRIPTION OF PARAMETERS

A « MATRIX OF COEFFICIENTS STORED COLUMNWISE, THESE ARE
DESTROYED IN THE COMPUTATION, THE SIZE OF MATRIX A IS
N BY N,
B « VECTOR OF ORIGINAL CONSTANTS (LENGTH N), THESE ARE
REPLACED BY FINAL SOLUTION VALUES, VECTOR X,
N « NUMBER OF EQUATIONS AND VARIABLES, N MUST BE ,GT, ONE,
KS « QUTPUT DIGIT
2 FOR A NOWMAL SOLUTION
31 FOR A SINGULAR SET OF EQUATIONS

REMARKS

MATRIX A MUST BE GENERAL,

IF MATRIX IS SINGULAR , SOLUTION VALUES ARE MEANINGLESS,
AN ALTERNATIVE SOLUTION MAY BE OBTAINED BY USING MATRIX
INVERSION (MINV) AND MATRIX PRODUCT (GMPRD),

SUBROQUTINES AND FUNCTION SUBPROGRAMS REQUIRED

NONE

METHOD

METHOD OF SOLUTION IS BY ELIMINATION USING LARGEST PIVOTAL
DIVISOR, EACH STAGE OF ELIMINATION CONSISTS OF INTERCHANGING
ROWS WHEN NECESSARY TO AVOID DIVISION BY ZERO OR SMALL
ELEMENTS,

THE FORWARD SOLUTION TO OBTAIN VARIABLE N IS DONE IN

N STAGES, THE BACK SOLUTION FOR THE OTHER VARIABLES IS
CALCULATED BY SUCCESSIVE SUBSTITUTIONS, FINAL SOLUTION
VALUES ARE DEVELOPED IN VECTOR B, WITH VARIABLE 1 IN B(1),
VARIABLE 2 IN BC2)suesusesesr VARIABLE N IN B(N),

IF NO PIVOT CAN BE FOUND EXCEEDING A TOLERANCE OF 9,2,

THE MATRIX IS CONSIDERED SINGULAR AND KS IS SET TO 1. THIS
TOLERANCE CAN BE MODIFIED BY REPLACING THE FIRST STATEMENT,

SUBROUTINE sIMQ(A,B,N,KS)
DIMENSION A(l),B(1)
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FORWARD SOLUTION

TOL=0 @
KSs@

JJxwN

DO 65 J=1,N
JYsJ+1
JUnJJ¢Net
BIGA=Y
ITeJJ=Jd

DO 30 IsJg,N

SEARCH FQR MAXIMUM COEFFICIENT IN COLUMN

IJ=1T+1

IF(ARS(BIGA)~ABS(A(IJ))) 24,30,30
BIGASA(ID)

IMAX=]

CONTINUE

TEST FOR PIVOT LESs THAN TOLERANCE (SINGULAR MATRIX)

IF(ARS(BIGA)=TOL) 35,35,40
Ks=®1
RETURN

INTERCHANGE ROWS IF NECESSARY

TisJ+N#(J=2)
ITEIMAX=J
DO 5@ KzJ,N
I1=I14N
I2=11+17
SAVEsA(I1)
A(I1)=ACI2)
A(I2)=SAVE

DIVIDE EQUATION BY LEADING COEFFICIENT

A(I1)=A(11)/BIGA
SAVE=R (IMAX)
B(IMAX)=B(J)
B(J)=SAVE/BIGA

ELIMINATE NEXT VARIABLE

IF(J=N) 55,70,55
10SEN®(Je1)

DO 65 IxsJY,N

IXJ=IQS+IX

ITsJ=1X

DO 68 JXaJY,N

IXIXEN#(JX=1)+IX

JUXSIXIX+IT

ACIXIX)®A(IXIX) = CACIXJII*#ACIIND) 219
BCIX)EB(IX)=(B(J)*A(IXI))




C
C
C

BACK SOLUTION

1@ NYshw=i

se

220

ITsN»N

DO 8¢ J=t,Ny
IA2ITeJ
I1Bz=Nw]

IC=N

DO 8@ Kzi,J
B(IR)aB(IBR)=A(TAI®B(IC)
IAzZIAN
IC=IC=1
RETURN

END



Subroutine TRAP3
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¢ <RFISHER>TRAP2,F4)! 1eNove?7 10109104

0O aoan
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SURROUTINE TRAP2(AI)Y

INTEGRALS BY TRAP, RULE
COMMON/TR27DELX,NXTH,AI2T7(8/292)

AL = 2,0

DO 10 T=1,NXIHet

AT & AT ¢ AI21(I)

Al = S#AIRI(P) + S#ATI2T(NXIH) + Al
Al = AT#DELX

RETURN

END

EDIT BY RFISHER



Subroutine TRAP6

223



c.
c.
o
c.
¢

10
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<RFISHER>TRAPS ,Fdj1 feNove?7 18309104

SUBROUTINE TRAPS(AI)
INTEGRALS BY TRAP, RULE

COMMON/TRS /DELX1,NXTH1,AISI(R/290)

AIl = 2,0

PO 10 Imi,NXIHley

Al = AT & AISIC(I) _

AI = ,S#AIST(O) + ,S5#AISY(NXTIH1) + Al
Al = AI#DELX!

RETURN

END

EDIT BY RFISHER
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